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PREFACE 


This  Is  a  final  report  on  Task  2  of  Contract  Number  14-16-0009-79-053 
between  Northern  Michigan  University  and  the  Department  of  Interior,  U.S. 

Fish  and  Wildlife  Service.  Task  1  involved  a  literature  and  information 
search  pertaining  to  movements  and  dispersal  of  wolves,  coyotes,  foxes, 
bobcats,  lynx,  deer,  and  moose,  and  local  records  of  the  occurrence  and  distri¬ 
bution  of  these  species  in  the  St.  Mary’s  River-Whitefish  Bay  area.  The 
report  on  Task  1  was  submitted  in  December  1979. 

Task  2  consisted  of  field  investigations  during  the  winter  of  1980 
to  determine  U)  the  species  and  relative  numbers  of  mammals  that  use  the 
ice  of  the  St.  Mary's  River  and  Whitefish  Bay  for  travel,  (2)  the  locations 
most  commonly  used  for  travel,  (3)  the  purpose  of  using  the  ice  such  as 
migration,  traveling  directly  across  the  ice,  traveling  along  the  ice,  or 
foraging  on  the  river  or  bay,  (4)  whether  animals  would  swim  across  open 
water  in  winter,  and  (5)  to  assess  potential  effects  of  winter  shipping 
on  the  movements  of  mammals  on  the  ice.  Observations  were  made  by  aerial 
and  ground  surveys  of  tracks  and  animals  from  January-March,  1980.  The 
period  was  characterized  by  mild  to  average  weather  conditions  and  no  commer¬ 
cial  shipping  between  15  January  and  24  March. 
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EXECUTIVE  SUMMARY 


A  study  was  conducted  during  the  winter  of  1979-80  concerning  the 
movements  of  seven  species  of  large  land  mammals  (red  fox,  wolf,  coyote,  bob¬ 
cat,  lynx,  white-tailed  deer,  and  moose)  across  the  ice  of  Whitefish  Bay 

in  eastern  Lake  Superior  and  the  St.  Mary's  River,  The  objective  was  to 
obtain  basic  information  on  species,  frequency,  time  and  location  of  crossings 
and  to  estimate  the  potential  impact  of  winter  shipping  on  mammal  movements. 
Methods  involved  aerial  and  ground  surveys  of  tracks  and  direct  observations 
of  some  animals. 

During  the  15  January-22  March  period,  554  sets  of  tracks  were  observed 
crossing  the  channels  of  the  St.  Mary's  River;  281  (51%)  were  of  white-tailed 
deer,  84  (15%)  of  coyotes ,  34  (6%)  of  red  foxes,  25  (5%)  of  domestic  dogs, 

39  (7%)  of  unidentified  canids,  and  85  (15%)  of  unidentified  large  mammals. 

Only  one  bobcat  track  and  no  lynx,  wolf  or  moose  tracks  were  located.  Adjust¬ 
ing  for  days  on  which  weather  conditions  were  not  suitable  for  recording 

tracks,  we  estimated  a  total  of  1,743  animals  crossing  the  river  channels,  of 

which  1,144  crossed  shipping  channels  and  599  crossed  non-shipping  channels. 

Coyotes  and  foxes  were  most  active  in  January  and  early  February; 
deer  were  most  active  in  January,  early  February,  and  late  March.  Coyotes, 
foxes  and  especially  deer,  crossed  narrow  channels  significantly  more  often 
than  wide  channels.  Coyotes  and  foxes  tended  to  cross  channels  indirectly 
or  meander  on  the  ice  while  deer  crossed  on  a  direct  route.  Ninety  percent 
of  crossings  recorded  on  the  river  were  on  channels  adjacent  to  Neebish 
Island.  On  two  channels.  Middle  Neebish  and  East  Neebish  near  Stribling 
Point,  the  directional  pattern  and  timing  of  movements  indicated  deer  migra¬ 
tion  toward  Neebish  Island  in  late  January  and  early  February.  At  Mirre 
Point  and  Johnson  Point  on  southern  Neebish  Island,  deer  movements  across 
the  channel  were  frequent  throughout  the  winter  and  in  both  directions, 
indicating  use  of  resources  on  both  sides  on  a  regular  basis;  a  large  winter 
deer  yard  is  present  on  southern  Neebish  Island. 

After  passages  of  a  small  U.S.  Coast  Guard  icebreaker,  27  coyotes  and 
4  foxes  were  found  to  have  little  trouble  in  crossing  the  partially  frozen 
or  freshly  refrozen  ship  track,  while  37  deer  were  all  obstructed  from 
crossing  within  24  hours  and  2  of  4  were  prevented  from  crossing  36  hours 
after  ship  passage. 

Frequent  high  winds,  snow,  and  variable  ice  conditions  on  Whitefish 
Bay  combined  to  make  quantitative  tracks  surveys  there  difficult.  Near 
islands  in  Whitefish  Bay  tracks  of  foxes,  deer  and  wolf  were  identified. 

The  partially  obliterated  tracks  of  a  pack  of  five  wolves  were  observed  near 
South  Sandy  Island,  6.6  km  from  the  Ontario  mainland  and  17  km  from  where  the 
ship  track  would  be  near  Whitefish  Point. 

A  preliminary  assessment  of  the  impact  of  winter  shipping  on  mammal  move¬ 
ments  suggests  that  the  effects  are  adverse  on  deer,  impeding  seasonal  migration, 
and  daily  movements  and  causing  some  direct  mortality;  they  are  incompletely 
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known  but  probably  hinder  the  dispersal  of  wolves,  bobcats,  lynx,  and  moose, 
and  they  are  likely  slight  on  coyotes  and  red  foxes.  Mitigating  measures 
suggested  include  cessation  of  winter  shipping,  grouping  ships  to  permit 
refreezing  of  the  ship  track,  conducting  shipping  only  between  10  February 
and  10  March,  shipping  only  in  West  Neebish  Channel,  habitat  manipulation  to 
redirect  deer  movements,  and  simulating  dispersal  by  transporting  members  of 
rare  species  across  the  channel.  Because  of  the  possibly  lingering  impact 
of  winter  demonstration  shipping  between  1971  and  1979,  it  is  recommended 
that  shipping  be  discontinued  for  at  least  three  consecutive  winters  to  per¬ 
mit  the  system  to  readjust  and  so  that  baseline  data  gathered  on  mammal 
movements  on  the  ice  may  be  more  representative  of  non-shipping  conditions. 
Further  information  is  specifically  needed  on  deer  movements  and  behavior 
at  Neebish  Island  to  determine  the  number  of  individual  deer  crossing  the 
channel,  and  on  wolf  densities  and  behavior  along  the  Ontario  shoreline  of 
Whitefish  Bay. 
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PART  I: 


INTRODUCTION 


The  opportunity  for  mammals  to  cross  water  barriers  is  important  in 
influencing  (1)  the  distribution  of  species  by  permitting  range  expansion 
through  colonization  of  favorable  habitat,  (2)  the  nourishment  of  small 
populations  by  immigration,  and  (3)  access  to  seasonal  resources  such  as 
winter  food  or  shelter.  For  manmals  which  are  active  in  winter,  walking  on 
ice  is  probably  the  most  important  method  of  dispersal  across  water  barriers. 

Winter  ship  movements  and  icebreaking  activities  result  in  a  vessel 
track  containing  open  water  and  floating  and  flowing  ice  chunks.  Often 
ridges  or  piles  of  ice  form  along  its  edges.  These  masses  may  refreeze, 
depending  on  air  and  water  temperature.  The  potential  effects  of  this  envi¬ 
ronmental  disturbance  to  the  movement  of  large  land  manmals  include  both  the 
hindrance  of  movements  from  one  side  of  a  body  of  water  to  the  other  and 
the  direct  mortality  of  individuals  which  fall  through  thin  or  otherwise 
unsafe  ice  and  are  then  unable  to  return  to  shore. 

Apparently,  no  quantitative  studies  concerning  movements  of  large 
land  mammals  across  ice  have  been  reported.  Travel  across  ice  has  been 
implied  in  numerous  studies  of  island  colonization  (Jackson  1919,  Hatt  et  al. 
1948,  Banfield  1954,  Werner  1956,  Oroga  and  Phillips  1964,  Long  1978),  but 
most  reports  of  actual  ice  crossings  have  been  anecdotal  (Jackson  1919, 

Bergman  1966 ,  Peterson  1979,  Van  Druff  and  Lomolino  1979). 

Many  studies  have  been  conducted  concerning  the  effects  of  extensive 
linear  environmental  disturbance  on  movements  of  large  land  manmals,  speci¬ 
fically  regarding  highways  (Beilis  and  Graves  1971,  Puglisi  et  al.  1974, 

Reilly  and  Green  1974,  Singer  1978),  railways  (Klein  1971),  and  oil  pipe¬ 
lines  (Klein  1979a).  Villmo  (1975)  also  noted  the  effect  of  fluctuating 
water  levels  on  ice  cover  associated  with  hydroelectric  projects  in 
Scandinavia  and  the  obstruction  of  reindeer  (Rangifer  tarandus)  migration 
routes.  Few  studies  have  addressed  the  effects  of  winter  navigation  and 
mammal  movements.  Miller  and  Gunn  (1978)  briefly  referred  to  the  potential 
conflict  between  winter  shipping  and  inter-island  movements  of  caribou  in 
the  Northwest  Territories.  V.  A.  Kuzyakin  (cited  viva  voce  in  Klein  1979b) 
stated  that  the  use  of  icebreakers  in  a  portion  of  the  Soviet  Union  may 
pose  an  obstacle  to  reindeer  migration.  Wright  (1978)  and  Van  Druff  and 
Lomolino  (1979)  recently  conducted  baseline  surveys  of  winter  mammal  distri¬ 
bution  on  the  St.  Lawrence  River  winter  navigation  demonstration  area.  Only 
Bergman  (1968)  observed  some  incidental  effects  of  winter  shipping  on  one 
species,  the  red  fox  (Vulpes  vulpes),  in  Finland. 

We  conducted  field  studies  from  5  January  through  18  April  1980  to 
document  the  numbers,  locations,  and  times  of  movements  of  wolves  (Canis 
lupus) ,  coyotes  (C.  latrans) ,  red  foxes  (Vulpes  fulva),  lynx  (Lynx  canadensis). 
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bobcats  rufus) ,  moose  (Alces  alces)  and  white- tailed  deer  (Odocoileus 
vi rginianus)  across  Whitefish  Bay  and  the  St.  Mary's  River  in  the  eastern 
Lake  Superior  area,  and  to  assess  the  potential  impact  of  winter  navigation 
in  this  area.  This  paper  describes  those  investigations. 


PART  II:  STUDY  AREA 


Physical  Geography 

Whitefish  Bay,  the  easternmost  part  of  Lake  Superior,  covers  approxi¬ 
mately  1,650  km2;  Whitefish  Point,  Michigan  is  26  km  from  the  nearest  Ontario 
mainland  and  17  km  from  the  nearest  large  island  (He  Parisienne,  10  km2)  in 
between.  The  St.  Mary's  River  flows  southeasterly,  connecting  Whitefish 
Bay  with  Lake  Huron,  and  separates  the  state  of  Michigan  in  the  United  States, 
from  the  province  of  Ontario  in  Canada  (Figure  1).  The  portion  of  the  river 
through  which  ships  travel  is  approximately  101  km  long  and  varies  in  width 
from  0. 2-7.0  km  (mean  =  2.8  km).  Four  large  islands  in  the  river  (Neebish, 
Sugar,  Drummond,  and  St.  Joseph)  cover  from  50-380  km2;  over  100  smaller 
islands  (<  4  km2)  are  also  present.  In  its  course,  the  St.  Mary's  River  widens 
into  three  large  "lakes":  Lake  George,  east  of  Sugar  Island;  Lake  Nicolet, 
west  of  Sugar  Island;  and  Munuscong  Lake,  south  of  Neebish  Island. 

Topography  on  the  Michigan  mainland  along  the  St.  Mary's  River  is 
relatively  flat,  rising  at  most  only  45  m  above  the  Lake  Superior  shoreline 
which  is  183  m  above  sea  level.  A  high  point  on  Sugar  Island  is  267  m  ASL. 

The  relatively  flat  band  of  land  1-10  km  wide  adjoining  the  St.  Mary's  River 
on  the  Ontario  side  gives  way  abruptly  to  hills  in  the  north  rising  up  to 
420  m  ASL. 

Sault  Ste.  Marie,  Ontario  (population  85,000)  and  Sault  Ste.  Marie, 
Michigan  (population  15,000)  are  the  largest  urban  cetners  in  the  area  and 
are  located  directly  across  from  one  another  on  the  northwestern  portion  of 
the  river  (Figure  1).  Dense  urban  settlement  extends  about  10  km  along 
both  sides.  Many  of  the  flat  areas  on  both  sides  of  the  river,  including 
St.  Joseph  Island,  have  been  extensively  cleared  for  agriculture,  and  the 
majority  of  the  rural  population  resides  in  these  areas.  Numerous  roads 
transect  the  flat  areas,  but  only  two  major  roads  are  present  in  the  hills 
to  the  north,  and  that  area  is  relatively  uninhabited. 

Vegetation 

In  the  non-agricultural  areas,  various  stages  of  secondary  vegetational 
succession  lead  either  to  temperate  deciduous  forest  of  boreal  coniferous 
forest  (Curtis  1959,  Maycock  and  Curtis  1960).  We  divided  vegetation  within 
50  m  of  shore  on  part  of  the  river  (Middle  Neebish  and  Munuscong  Channels) 
into  five  categories.  These  classifications,  with  corresponding  plant 
associations  described  by  Curtis  (1959)  shown  in  parentheses,  are  as  follows: 
(1)  ftersh  (emergent  aquatic)  -  Alder/willow  swamp  (alder  thicket)  -  major 
species  include  bulrushes  (Scirpus  spp. )  and  cat-tails  (Typha  lap'folia) 
often  found  in  close  proximity  to  alder  (Alnus  spp. ) ,  willow  (Sal ix  spp. ) 
and  red-osier  dogwood  (Cornus  stolonifera) ;  (2)  Cedar  (northern  wet-mesic 
swamp)  -  upland  conifer  (northern  xeric  forest)  -  relatively  pure  stands  of 
white  cedar  (Thuja  occidental  is)  at  the  shoreline,  extending  inland  mixed  with 
balsam  fir  (Abies  balsamea) ,  liemlock  (Tsuga  canadensis),  white  spruce  (Picea 
glauca),  white  pine  (Pinu?  strobus),  red  pine  (P.  resinosa),  and  jackpine 


(P_.  banksiana);  (3)  Upland  deciduous  (northern  mesic  forest  )  -  lowland 
deciduous  (wet-mesic  forest)  -  sugar  maple  (Acer  saccharum)  is  dominant,  with 
red  maple  (A.  rubrum) .  beech  (Fagus  grandifolia) ,  yellow  birch  (BetuTa 
alleghaniensis) .  basswood  (Til la  americana) .  American  elm  (Ulmus  amencana) 
and  black  ash  (Fraxinus  nigra)  present.  Jfspen  (Populus  spp.),  white  birch 
(Betula  papyrifiFa),  red  oak  (Quercus  rubra),  hemlock  and  willow  are  also 
present;  (4)  Mixed  deciduous-conifer  -  in  general,  mixed  stands  including  at 
least  25  percent  oi^  a  deciduous  or  coniferous  tree  species.  Corrmon  associa¬ 
tions  include  hemlock,  balsam  fir  and  maple,  or  white  spruce,  aspen  and 
white  birch;  (5)  Field-brush  (weed  conmunities)  -  these  are  areas  character¬ 
ized  by  invading  species  such  as  yarrow  (Achillea  mill ifol ium) ,  goldenrod 
(Sol i dago  spp.),  fireweed  (Epilobium  angusFifol ium) ,  and  dock  (Rumex  spp.). 

In  wet  areas,  sedges  (Carex  spp.)  are  cownon.  Evening  primrose  (Oenothera 
biennis) .  St.  John 's-wort  (Hypericum  perforatum) ,  raspberries  and  blackberries 
(Rubus  spp. ) ,  and  meadow-sweet  (Spiraea  alba)  are  also  present.  Many  other 
weeds  and  species  of  grasses  (Graminae)  are  present  in  winter  but  are 
covered  with  snow. 


Mammal  Distribution 


Information  on  local  abundance  and  distribution  of  the  7  mammal  species 
we  were  concerned  with  was  gathered  through  literature  search  and  consultation 
with  biologists  and  local  residents  (Robinson  and  Fuller  1979).  Wolves,  lynx, 
and  moose  are  fairly  common  on  the  Ontario  side  of  the  river,  mainly  in  the 
northern  hills,  and  rare  on  the  Michigan  side.  Bobcats  are  more  numerous 
on  the  Michigan  side  and  limited  to  the  lowland/agricultural  areas  in 
Ontario.  Coyotes,  red  foxes,  and  white-tailed  deer  are  common  on  both  sides 
of  the  river.  A  large  deer  wintering  area  is  present  on  the  southern  one- 
third  of  Neebish  Island  (Figure  2).  Because  of  their  presence  in  the  area 
and  the  reported  tendencies  of  individuals  of  all  of  these  species  to  move 
and  disperse  across  large  distances,  the  ice  and  water  of  Whitefish  Bay 
and  the  St.  Mary's  River  undoubtedly  influence  distances  and  directions  of 
movements. 


Ice  Conditions 


The  major  portion  of  the  St.  Mary's  River  was  covered  with  thin,  clear 
ice  by  5  January  1980;  ship  traffic  continued  through  15  January.  Throughout 
the  remainder  of  the  winter,  ice  cover  was  stable  over  most  of  the  river. 

The  east-west  portion  of  the  river  between  the  International  Bridge  and  the 
northwest  tip  of  Sugar  Island  was,  however,  often  ice-free,  due  in  part  to 
emerging  warmer  water  from  Lake  Superior,  currents,  the  flow  of  warm  water 
from  power  plants  and  industry  on  both  sides  of  the  river.  In  addition, 
the  man-made  channels  off  northwest  Sugar  Island  (Little  Rapids  Cut)  and 
part  of  West  Neebish  Channel  (Rock-cut)  remained  open  all  winter,  as  did 
a  portion  of  East  Neebish  Channel.  Open  water  was  present  at  the  village 
of  Detour  at  the  south  end  of  the  river  almost  all  winter.  Most  of  White- 
fish  Bay  was  ice-covered  by  31  Janaury,  but  areas  near  Pancake  Bay  were  not 
completely  frozen  over  until  8  March. 
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Figure  2.  Map  of  Neebish  Island  Deer  Yard,  also  showing 
portion  of  St.  Joseph  Island  used  by  wintering  deer. 


Winter  Shipping 


Winter  shipping  on  the  St.  Mary's  River  extented  to  the  first  week  of 
February  in  1972  through  1974.  From  1974  through  April  1979,  the  St.  Mary's 
River  and  Whitefish  Bay  were  open  to  almost  continuous  winter  shipping. 
During  January,  February  and  March  of  each  winter,  an  average  of  136,  32, 
and  37  conmercial  ships  per  month,  respectively,  traveled  through  the  locks 
at  Sault  Ste.  Marie  (unpubl.  data.  U.S.  Army  Corps  of  Engineers).  These 
numbers  exclude  all  U.S.  and  Canadian  government  vessels. 

In  1980,  commercial  shipping  in  the  study  area  ceased  on  15  January 
and  resumed  on  24  March.  On  5,  6,  and  20  February,  the  U.S.S.  Katmai  Bay, 
a  U.S.  Coast  Guard  icebreaker,  made  trips  downriver  from  Sault  Ste.  Marie 
as  far  south  as  Hay  Point.  On  22  March,  this  ship  broke  ice  all  the  way 
to  Detour  and  was  followed  back  upriver  by  the  U.S.S.  Mackinaw,  a  larger 
icebreaker.  On  the  following  day,  a  ship  track  was  opened  through  Whitefish 
Bay.  From  24  to  31  March,  commercial  ships  traveled  the  river  only  during 
daylight  hours,  and  though  open  water  was -present  on  the  large  lakes,  ship 
tracks  in  channels  were  filled  with  floating  ice  until  at  least  28  March. 
Round-the-clock  shipping  resumed  on  1  April. 

Weather 


The  winter  of  1979-80  was  slightly  less  severe  than  average,  judging 
from  statistics  compiled  at  Sault  Ste.  Marie  (Table  1).  While  average 
temperatures  for  the  January-March  period  were  0.4OC  colder  than  average, 
snow  depths  contributed  to  the  impression  that  the  winter  of  1979-80  was 
mild.  Total  snowfall  of  159.0  cm  in  the  January-March  period  was  2.7  cm 
above  normal ,  but  snow  depth  on  the  ground  in  January  and  February  ranged 
from  near  zero  in  early  January  to  32  cm  in  late  February  compared  with 
long-term  averages  of  30  to  48  cm.  Average  snow  depths  in  January  and 
February  were  only  58%  of  normal.  These  weather  conditions  were  preceded 
by  a  mild  and  relatively  snowless  December.  Most  active  mammals  therefore 
were  probably  less  impeded  in  their  movements  than  in  normal  winters. 

The  total  freezing  degree  days  recorded  for  the  winter  of  1979-80  was  1643 
compared  with  the  80-year  average  of  1815. 
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Table  1.  Summary  of  Weather  Data  Recorded  at  Sault  Ste.  Marie,  Michigan  Municipal  Airport 

(National  Weather  Service) 
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PART  III:  METHODS 


Survey  Technique  and  Location 

Winter  movements  of  large  land  mammals  across  the  St.  Mary’s  River  were 
determined  by  observing  their  tracks  in  snow  on  the  ice.  Aerial  surveys  were 
conducted  to  locate  tracks  on  the  entire  river  system,  ground  surveys  were 
made  to  check  tracks  seen  from  the  air,  and  to  study  more  intensively  those 
areas  where  tracks  were  most  numerous.  From  5  January  through  28  March, 

87.5  km  of  the  river  through  which  ships  would  normally  travel  in  winter 
were  surveyed,  as  were  55.3  km  of  river  through  which  ships  would  not  pass 
(Figure  3).  The  portion  of  the  river  between  the  International  Bridge 
and  the  northwest  tip  of  Sugar  Island  was  not  surveyed  because  of  the  open 
water  frequently  present  there  and  its  proximity  to  the  cities  of  Sault  Ste. 
Marie,  Michigan  and  Ontario.  The  other  channels  where  open  water  persisted 
through  the  winter,  as  noted  previously,  were  also  not  surveyed. 

Aerial  Surveys 


Aerial  surveys  were  made  in  ski-equipped  Piper  PA-12  or  PA-18  Supercub 
aircraft.  On  most  flights,  two  observers  were  present  in  addition  to  the 
pilot.  Until  2  February,  the  absence  of  permanent  snow  cover  on  the  ice 
prevented  us  from  documenting  crossings  on  most  of  the  large  windswept 
lakes.  Surveys  were  thus  flown  approximately  200  m  from  shore  in  these 
areas,  but  down  the  middle  of  other,  narrow  channels.  Subsequent  surveys  were 
flown  down  the  middle  of  non-shipping  channels,  and  directly  above  the  ship 
track  in  other  channels. 

Animal  tracks  could  most  easily  be  observed  when  flying  slowly  (130- 
150  km/hr)  at  an  altitude  of  about  45-75  m  above  the  ice.  At  this  altitude, 
tracks  up  to  150  m  to  the  side  of  the  flight  path  could  often  be  detected. 
Three  weather  variables  often  hindered  successful  observations  of  tracks  on 
the  ice.  Snowfalls  greater  than  3  cm  or  winds  greater  than  12  km/hr  obscured 
most  tracks  made  previously.  In  addition,  cloud  cover  greater  than  50  percent 
made  tracks  almost  impossible  to  observe  from  the  air,  and  more  difficult  to 
observe  on  the  ground,  by  eliminating  shadows  in  track  impressions.  From 
15  January  through  22  March,  two  or  more  of  these  variables  occurred  on  32 

of  67  days  (48%),  and  at  least  one  occurred  on  58  days  (87%;  unpubl.  data 

National  Weather  Service,  Sault  Ste.  Marie,  Michigan).  A  semimonthly  summary 
of  these  weather  statistics  is  presented  in  Table  1. 

Weather  and  tracking  conditions  frequently  varied  within  the  study  area. 
Often  Whitefish  Bay  was  windswept  and/or  snow  was  falling  there  while  on 
other  portions  of  the  study  area  winds  were  calm  enough  to  allow  tracks  to 

remain  visible  in  the  snow.  Reaches  of  the  river  below  Neebish  Island  some¬ 

times  experienced  no  snowfall  while  the  northern  reaches  would  have  fresh 
tracking  snow.  For  these  reasons  tracking  conditions  varied  from  day  to 
day  and  from  one  location  on  the  area  to  another.  Coverage  of  the  area  by 
aerial  and  ground  surveys  was  therefore  unequal,  depending  on  the  presence 
of  suitable  flying  weather  and  tracking  conditions. 
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Track  Identification  From  the  Air 


Identification  of  tracks  to  species  from  the  air  was  difficult  during 
most  aerial  surveys.  After  verification  of  known  track  patterns,  as  deter¬ 
mined  by  inspection  on  the  ground,  we  were  able  to  record  from  the  air  tracks 
of  coyotes  and  red  foxes  only  as  tracks  of  "canids"  much  of  the  time.  It  is 
possible  that  a  few  of  the  tracks  in  this  classification  may  also  have  been 
made  by  wolves,  lynx,  or  bobcats.  The  characteristic  pattern  of  such  canid 
tracks  looked,  from  the  air,  like  a  single  dotted  line  crossing  the  ice. 
Domestic  dogs  sometimes  had  a  similar  track  pattern,  but  more  often,  their 
front  and  hind  feet  did  not  fall  into  the  same  track  impression  as  is  true 
with  wild  canids  (Murie  1954).  Furthermore,  dog  tracks  almost  always  orig¬ 
inated  or  terminated  at  human  dwellings  on  shore.  Single  deer  tracks  on 
shallow  snow  often  looked  like  canid  tracks  from  the  air,  but  in  deeper 
snow  they  appeared  as  an  alternating  pair  of  dashed  lines,  due  to  marks  made 
from  dragging  their  hooves.  Two  or  more  canids  might  travel  in  the  same 
footprints  over  most  of  their  trail,  but  would  occassionally  separate  for 
a  short  distance  and  were  thus  identifiable.  Multiple  deer  trails  were 
easily  identified  by  their  parallel  but  intermingling  appearance.  Many 
tracks,  especially  on  larger  lakes,  that  were  obscured  by  blowing  snow  or 
snowmelt  were  recorded  as  "unknown".  Direction  of  travel  was  sometimes 
noted  when  foot  drag  marks  were  apparent.  Tracks  of  otters  (Lutra  canadensis), 
other  mutelids,  and  snowshoe  hares  (Lepus  americanus)  which  were  occasionally 
seen  on  the  ice  were  distinctive  and  easily  identified  (Murie  1954), 

Ground  Surveys 

Ground  surveys  on  the  ice  served  as  checks  of  aerial  surveys  and  pro¬ 
vided  more  detailed  observations  in  areas  where  tracks  were  most  common  and 
on  days  when  flying  was  not  possible.  Portions  of  the  channel  we»*e  traversed 
by  walking,  skiing,  snowshoeing,  or  snownobil ing.  Four  areas  in  particular 
were  surveyed  most  often:  the  northern  portion  of  West  Neebish  Channel, 

Middle  Neebish  Channel,  the  northern  portion  of  East  Neebish  Channel,  and 
the  southern  part  of  Munuscong  Channel  near  Johnson  Point  (Figure  4).  Species 
identification  of  tracks  followed  suggestions  of  Murie  (1954),  though  during 
initial  work  in  late  January,  some  fox  tracks  were  probably  mistakenly  noted 
as  those  of  coyotes. 

Ground  surveys  were  also  conducted  on  land  in  forested  areas  adjacent 
to  the  four  intensive  ice  survey  areas  (Figure  4).  These  areas  were  surveyed 
to  compare  trends  in  track  counts  between  ice  and  land  travel. 

Data  Recorded 


Data  recorded  for  all  tracks  observed  greater  than  10  m  from  shore 
included,  whenever  possible:  species,  aerial  or  ground  observation,  date, 
time  of  day,  location  of  starting  and  ending  points  of  track,  number  of 
animals  in  group,  whether  the  animals  were  seen  or  not,  estimated  age  of 
track,  direction  of  travel,  whether  the  track  crossed  the  channel  or  not, 
type  of  movement  (i.e.  direct,  meandering,  turnback),  channel  width,  distance 
animals  traveled  on  the  ice,  onshore  depth  of  track  in  snow,  minimum  depth 
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of  track  in  snow  on  the  ice,  time  since  last  snowfall  or  strong  wind,  ice 
condition,  snow  condition,  habitat  type  on  land,  and  time  since  ship  passage. 
During  ground  transects  in  forested  areas,  we  recorded  similar  information 
for  tracks  which  crossed  our  survey  path.  Data  for  all  tracks  recorded  are 
given  in  Appendix  B. 
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Table  2.  Surnmary  of  Aerial  and  Ground  Survey  Effort  During  Studies  of  Marmal 
Movements  Across  the  St.  Mary's  River,  5  January  to  30  March  1980 


January 

February 

March 

5-31 

2-13 

17-29 

3-15 

19-30 

Total 

No.  of  aerial  surveys 

9 

3 

6 

6 

1 

25 

Total  no.  of  hours 

12.2 

4.8 

8.2 

11.5 

2.3 

39.0 

No.  of  km  surveyed 
on  the  ground 

-  on  the  ice 

25.5 

29.0 

9.5 

10.3 

5.1 

79.4 

-  in  adjacent 
wooded  areas 

27.7 

6.2 

8.7 

37.0 

5.8 

85.4 

Total 

53.2 

35.2 

18.2 

47.3 

10.9 

164.8 
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Table  3.  Number  of  Days  Each  Channel  Segment  on  the  St.  Mary's  River  was 
Surveyed  from  the  Air  and  from  the  Ground, 

5  January  to  31  March  1980 


Channel  segment 

No.  of  aerial 
surveys 

No.  of  ground 
surveys 

Point  Aux  Pins  to  Whitefish 

6 

Bay 

International  bridge  to 

9 

1 

Point  Aux  Pins 

Lake  Nicolet 

21 

1 

Middle  Neebish  Channel 

21 

6 

N.  Munuscong  Channel 

21 

Johnson  Point 

21 

10 

S.  Neebish  Island 

21 

1 

Munuscong  Lake  to  Hay  Point 

14 

Hay  Point  to  Detour 

11 

N.  Sugar  Island 

8 

Lake  George 

5 

East  Neebish  Channel 

15 

5 

Stribling  Point 

14 

1 

N.  West  Neebish  Channel 

17 

9 

S.  West  Neebish  Channel 

14 

1 

E.  Lime  Island 

8 

Whitefish  Bay 

5 
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PART  IV:  RESULTS 


St.  Mary's  River 


Number  of  Crossings 

No  river  crossings  were  detected  before  15  January  or  after  22  March  due  to 
poor  tracking  conditions  on  the  ice.  During  the  period  between  these  dates,  we 
located  554  individual  sets  of  mammal  tracks  which  crossed  the  river  at  various 
locations.  Figures  5  through  12  are  maps  showing  all  crossings  by  various 
species  that  we  observed  in  aerial  and  ground  surveys  on  the  St.  Mary's  River 
from  15  January  through  24  March  1980.  Two  hundred  eighty  one  (51%)  of  the 
tracks  were  of  white-tailed  deer  and  182  (33%)  were  of  coyotes,  red  foxes,  dogs, 
and  unknown  canids  (Table  4).  Only  one  bobcat  track  was  identified,  and  none  of 
wolves,  lynx  or  moose.  Eighty-five  tracks  (15%)  of  large  marnnals  crossing  the 
ice  were  recorded  as  "unknown";  4  otter  tracks  and  1  of  an  unknown  mustelid  were 
also  noted.  In  addition,  we  located  tracks  of  218  animals  on  the  ice  more  than 
10  m  from  shore,  which  either  did  not  cross  a  channel,  or  may  have  crossed  but 
were  not  detected  as  doing  so  because  the  tracks  were  obscured  by  wind  or  snow. 
Many  other  tracks  of  this  type  were  likely  not  counted,  because  of  our  aerial 
survey  technique  which  involved  flying  directly  over  the  ship  track  or  the  center 
of  other  channels,  and  did  not  include  close  coverage  of  shoreline  zones. 

Weighting  of  Data  to  Account  for  Uneven  Sampling 

The  total  number  of  tracks  counted  (554)  crossing  the  river  represents  a 
minimum  number  of  crossings.  The  actual  number  of  crossings  is  greater  because 
tracks  of  animals  which  crossed  on  snowless  ice  or  shortly  before  or  during  a 
snowfall  were  not  observed.  We  therefore  considered  the  number  of  tracks  per  day 
after  a  snowfall  as  a  reasonable  measure  of  the  rate  of  crossing.  The  time 
between  the  last  track-obliterating  wind  or  snowfall  and  the  survey  time  was 
recorded,  and  the  number  of  tracks  counted  could  then  be  calculated  as 
tracks/24  hours,  or  tracks/day.  On  some  days  50  km  of  the  area  would  be  sampled, 
on  others  70  km  and  on  others  30  km,  etc.  depending  upon  weather  and  the  previous 
day's  sampling.  In  order  to  make  samples  of  different  lengths  comparable  the 
length  of  the  sample  was  also  used  as  a  denominator,  so  that  the  number  of 
tracks/km/day  was  used  as  a  standard  unit  to  compare  crossing  rates  from  one  part 
of  the  winter  to  another  and  to  compare  crossing  rates  between  various  portions 
of  the  study  area. 

For  example,  suppose  a  2  km  stretch  of  channel  near  Neebish  Island  was 
surveyed  12  hours  after  a  snowfall  (half  a  track-visibility-day)  and  8  tracks 
were  found.  This  would  result  in  a  count  of  8  tracks 
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Figure  6.  Detailed  map  of  crossings  by  deer  in  the  Neebish 
Island  area.  The  observed  number  of  turnbacks  by  deer  at 
each  location  is  in  parentheses. 


Figure  7.  Locations  of  crossings  of  the  St.  Mary's  River  by  coyotes 
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Figure  10.  Locations  of  crossings  of  the  St.  Mary's  Ri 
by  unidentified  canids. 


Figure  11.  Locations  of  crossings  of  the  St.  Mary's  River 
by  otter,  bobcat  and  unknown  mustelids. 


Figure  12.  Locations  of  crossings  of  the  St.  Mory's  River 
by  unknown  mamnals. 
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Table  4,  Mean  Number  of  Crossings/km/day  (x  10)  by  Mammals  on  the  St.  Mary's 
River,  15  January  to  22  March  1980.  Number  of  km-days 
for  Which  Tracks  Were  Recorded  in  Each 
Period  is  in  Parentheses 


Total 

January 

February 

March 

no.  of 

15-31 

1-13 

16-29 

2-15  17-22 

Species 

crossings 

(95.3) 

(532.9) 

(271.7) 

(440.8)  (42.7) 

Coyote 

84 

2.52 

0.37 

0.10 

0.05 

0.05 

Red  fox 

34 

0.08^ 

0.17 

0.01 

0.03 

0.00 

Unknown  canid*^ 

39 

0.00 

0.13 

0.08 

0.66 

0.13 

Dog 

25 

0.33 

0.03 

0.02 

0.05 

0.06 

Deer 

281 

1.00 

0.93 

0.49 

0.78 

1.82 

Unknown^ 

85 

0.54 

0.90 

0.12 

0.08 

0.00 

Total 

548^^ 

4.47 

2.53 

0.82 

1.65 

2.06 

®  During  January,  some  fox  tracks  were  likely  mistakenly  identified  as  those 
of  coyotes  and  are  included  in  the  coyote  January  total. 

^  Most  likely  coyote  or  red  fox;  possibly  wolf,  bobcat,  or  lynx. 

In  January  and  early  February  some  tracks  classified  as  "unknown"  would 
later  have  been  classified  as  "unknown  canid". 

^  Total  does  not  include  1  bobcat,  4  otters,  and  1  unknown  mustelid. 
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per  2  km  per  half  day,  or  4  tracks/km/0.5  days,  or  8  tracks/km/day.  If  a  10  km 
stretch  of  channel  west  of  the  International  Bridge  was  surveyed  2  days  after  a 
wind  had  subsided  (2  track-visibility-days)  and  10  tracks  were  counted,  there 
would  be  10  tracks  per  10  km  per  2  days,  or  1  track/km/2  days,  for  a  rate  of  0.5 
tracks/km/day.  This  assumes  that  crossing  rates  are  uniform  throughout  the 
period  between  snowfall  or  wind  and  sampling  time. 

Temporal  Distribution  of  Crossings 

General  Distribution  -  Considering  all  species  together,  crossings  of  the 
St.  Mary's  River  were  the  greatest  in  late  January,  decreasing  to  a  low  in  late 
February,  and  increasing  until  the  ice  was  broken  in  late  March  (Table  4). 
Seventy-nine  per  cent  of  the  crossings  occurred  in  late  January,  early  February, 
and  late  March. 

Coyotes  and  Red  Foxes  -  Coyotes  and  red  foxes  were  generally  more  active  on 
the  ice  during  late  January  and  early  February;  crossing  activity  of  both  species 
was  low  for  the  rest  of  the  winter  (Table  4).  The  high  crossing  rate  of  coyotes 
in  late  January  is  probably  inflated  somewhat  by  two  factors.  Some  fox  tracks 
were  mistakenly  identified  as  those  of  coyotes  in  late  January  and  were  included 
in  the  coyote  track  total  for  that  time  period.  Also  a  very  high  crossing  rate 
was  calculated  for  East  Neebish  Channel  (37.6  tracks/km/10  days)  based  on  small 
sample  size  (5  tracks  found  in  1.9  km,  0.7  days  after  a  snowfall).  Despite  these 
two  factors,  we  believe  that  the  overall  pattern  of  high  activity  in  late  January 
and  early  February  followed  by  lower  activity  in  late  February  and  early  March  is 
a  reflection  of  actual  behavior  of  coyotes  and  foxes. 

Unknown  Canids  -  The  pattern  of  unknown  canid  crossings  was  probably  similar 
to  th^  o1^  coyotes  and  foxes;  before  late  February,  many  tracks  were  classified 
as  unknown  rather  than  more  accurately  as  unknown  canid.  The  high  crossing  rate 
for  canids  in  early  March  reflects  increased  activity  noted  at  Johnson  Point, 
combined  with  six  tracks  observed  on  the  only  two  surveys  conducted  at  the  east 
end  of  the  channel  north  of  Sugar  Island.  Poor  ice  conditions  or  priority  for 
surveys  in  other  areas  precluded  making  additional  surveys  in  this  area  during 
other  time  periods.  It  is  likely  though,  that  crossings  there  followed  a 
seasonal  pattern  similar  to  other  areas. 

Dogs  -  Occurrences  of  crossings  by  domestic  dogs  were  low  through  most  of 
the  winter.  The  relatively  high  rate  recorded  in  late  January  was  the  result  of 
two  pairs  of  dogs  crossing  and  imnediately  recrossing  the  channel  at  Johnson 
Point,  and  northern  West  Neebish  Channel. 

Deer  -  Deer  crossings  were  high  in  late  January  and  early  February,  lower  in 
late  February  and  early  March,  and  highest  in  late  March.  The  increase  observed 
in  late  March  was  due  to  a  large  number  of  deer  crossing  in  both  directions  near 
Johnson  Point  on  18-19  March. 

Unknown  Mammals  -  Crossings  of  unidentified  mammals  were  highest  in  early 
February  when  little  snow  fell  and  tracks  on  large  lakes  were  present  for  longer 
periods  of  time,  but  were  still  not  clear  enough  to  identify  to  species. 
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Track  Depths  in  Snow 


It  might  be  assumed  that  deep  snow  in  the  woods  adjacent  to  the  river  would 
encourage  animals  to  go  out  onto  the  ice  to  travel  from  one  place  to  another. 
Wolves  on  Isle  Royale  are  known  to  use  the  ice  for  travel  when  the  snow  is  deep 
(Mech  1970;  Peterson  1977).  On  the  St.  Mary's  R’ver  disruption  of  ice  cover  by 
winter  shipping  might  be  expected  to  have  a  more  pronounced  effect  during  winters 
or  during  periods  of  the  winter  when  snow  is  deep  on  land.  The  winter  of  1979-80, 
however,  was  characterized  by  shallow  snow.  The  maximum  average  depth  to  which 
animals  sank  (25.3  cm  for  deer  in  early  February)  probably  had  no  effect  on 
directing  travel  onto  the  ice.  Table  5  summarizes  track  depths  of  the  various 
species  and  might  be  used  for  comparative  purposes  with  other  winters. 

Temporal  Distribution  of  Tracks  in  the  Woods 

To  determine  whether  a  decrease  in  animal  activity  on  the  ice  is  caused  by 
winter  shipping  there  should  be  a  comparison  between  activity  on  land,  where 
shipping  presumably  would  have  little  influence.  If  activity  on  land  continues 
throughout  the  winter  at  a  particular  rate  but  declines  on  the  river,  we  might 
attribute  the  decline  to  a  variable  that  occurs  on  the  river.  If,  on  the  other 
hand,  similar  declines  on  activity  occur  both  on  land  and  on  the  ice,  the  decline 
might  be  attributed  to  something  other  than  shipping  or  some  other  variable  that 
might  affect  activity  on  the  ice.  In  1980,  seasonal  activity  of  canids  in  the 
woods  was  similar  to  that  observed  on  the  ice.  Tracks  were  encountered  most 
frequently  in  late  January  and  occurred  with  decreasing  frequency  throughout  the 
rest  of  the  winter  (Table  6).  Trends  in  deer  track  numbers  were  not  apparent, 
likely  because  of  the  incomplete  sampling  of  areas  during  each  time  period  and 
the  seasonal  changes  in  geographic  distribution  of  deer  in  the  different  areas. 
Seasonal  differences  in  numbers  of  deer  tracks  in  wooded  areas  closely 
corresponded  to  changes  in  crossing  rates  on  adjacent  channels,  as  will  be 
described  in  the  following  section. 

Geographic  Distribution  of  Crossings 

General  Distribution  -  Table  7  shows  the  rates  of  animal  crossings  on 
various  channel  segments.  Of  all  crossings  recorded  on  the  St.  Mary's  River,  90 
per  cent  were  on  channels  adjacent  to  Neebish  Island,  Four  channel  segments,  two 
shipping  and  two  non-shipping,  were  the  most  heavily  traversed  by  mammals 
throughout  the  winter:  Middle  Neebish  Channel  (3.6  crossings/day) ,  Munuscong 
Channel  near  Johnson  Point  (11.3  crossings/day).  East  Neebish  Channel  between 
Stribling  Point  and  Hardwood  Point  (2.1+  crossings/day),  and  the  northern  portion 
of  West  Neebish  Channel  (1.1  crossings/day).  In  the  first  three  of  these  areas, 
crossings  by  deer  predominated,  but  coyote  crossings  were  abundant.  All  channels 
had  at  least  one  crossing.  West  of  the  International  Bridge,  the  only  crossing 
noted  was  by  a  red  fox;  but,  up  to  50  ice-fishing  shanties  were  present  on  the 
narrowest  portion  of  the  channel,  much  of  the  shoreline  was  lined  with  houses, 
and  during  much  of  the  winter,  portions  of  the  channel  would  open  up  and  then 
refreeze.  Thus,  both  the  likelihood  that  animals  might  cross,  and  the 
opportunities  for  observing  tracks  there  were  low.  No  crossings  on  the  main  body 
of  Lake  George  were  recorded,  but  tracks  were  seen  crossing  near  its  inlet  and 
outlet  at  either  end.  The  several  crossings  of  Lake  Nicolet  occurred  at  both 
ends,  and  across  the  wider  portions  of  the  lake.  Crossings  of  Munuscong  Lake  and 
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Table  5.  Mean  Depth  (cm)  of  Tracks  in  Snow  for  Mammals  Crossing  or  on  Land  Adjacent  to  the  St.  Mary' 
River,  15  January  to  22  March  1980.  Number  of  Groups  of  Tracks 
1  individual  at  1  location)  Shown  in  Parentheses 
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Table  6.  Mean  Number  of  Tracks/km/day  of  Deer  (n=201)  and  Canids^  (n=30)  Crossing  Transects  in  Wooded 
Areas  Adjacent  to  the  St.  Mary's  River,  14  January  to  25  March  1980. 

Number  of  km-days  is  shown  in  parentheses 
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Includes  coyote,  red  fox,  and  unidentified  canid  tracks. 
Transect  locations  are  shown  in  Figure  2. 

Transect  not  surveyed. 

Sample  size  (km-days)  same  as  for  deer. 


Table  7.  Mean  Number  of  Cross ings/km/day  (x  10)  by  Mammals  on  Various  Segments  of  the  St.  Mary's  River, 
15  January-22  March  1900.  Total  Number  of  km-days  for  Each  Segment  is  Shown  in  Parentheses 
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Total  shipping  channe 
(1,029.3) 


Table  7.  (concluded) 
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the  St.  Mary's  River  to  Detour  occurred  only  in  two  areas,  3  to  5  km  north  of  the 
narrows  at  Hay  Point  where  some  crossings  were  noted  in  late  January,  and  between 
Lime  Island  and  Round  Island  1.7  km  to  the  northwest  where  crossings  occurred 
throughout  the  winter. 

Coyotes.  Foxes  and  Unknown  Canids  -  Sotic  tracks  of  canids  were  found  on  every 
channel  segment  surveyed,  but  most  were  at  Munuscong  Channel  (55  tracks).  Middle 
Neebish  Channel  (31  tracks).  East  Neebish  Channel  (29  tracks),  and  northern  West 
Neebish  Channel  (9  tracks).  Coyote  crossing  rates  were  highest  and  seasonally 
most  consistent  at  Johnson  Point.  In  only  three  other  areas  were  any  crossings 
detected  from  late  February  through  late  March,  and  in  those  three  areas  only 
eight  tracks  were  counted  during  that  time.  Four  foxes  crossed  near  St. ibling 
Point  on  6-7  February  accounting  for  the  high  total  rate  observed  there.  Fox 
tracks  were  most  consistently  found  crossing  East  Neebish  Channel.  Unidentified 
canid  tracks  were  most  common  on  Johnson  Point.  A  high  rate  was  also  recorded 
between  the  northeast  end  of  Sugar  Island  and  the  Ontario  mainland  in  early  March, 
when  our  only  two  surveys  of  that  particular  channel  segment  occurred. 

Dogs  -  All  recorded  dog  crossings  were  close  to  occupied  human  dwellings, 
especially  houses  across  from  Johnson  Point  and  at  the  northern  end  of  West 
Neebish  Channel  near  Dunbar. 

Deer  -  Deer  crossings  were  noted  in  only  five  areas,  and  in  one  of  these 
areas.  East  Neebish  Channel,  only  one  crossing  occurred  (Figure  6).  Crossings  at 
the  south  end  of  Sugar  Island  near  Stribling  Point  and  across  Middle  Neebish 
Channel,  as  well  as  across  the  northern  part  of  Munuscong  Channel,  occurred  only 
during  late  January  and  early  February.  Crossings  between  Neebish  Island  and 
St.  Joseph  Island,  near  Johnson  Point  and  Mirre  Point,  occurred  from  late  January 
through  early  March  at  a  similar  rate  (12.9-27.1  tracks/ km/ 10  days)  and  increased 
to  63.3  tracks/km/10  days  in  late  March.  Most  crossings  near  Mirre  Point  (27  of 
42)  occurred  in  late  March. 

Unknown  Mammals  -  Numbers  of  crossings  of  unidentified  mammals  were  highest 
in  areas  where  we  were  unable  to  verify  track  identification  from  the  ground. 

These  were  often  on  the  larger  lakes  where  tracks  we'^e  more  easily  obscured  by 
wind  and  snow  or  where  the  small  number  of  tracks  in  isolated  locations  made 
ground  checking  unfeasible. 

Comparison  with  Woods  Transects  -  The  mean  number  of  tracks  encountered  in 
adjacent  forested  areas  showed  seasonal  patterns  of  distribution  similar  to  those 
observed  on  the  ice  (Table  6).  No  deer  tracks  were  seen  in  the  woods  near  the 
northern  part  of  West  Neebish  Channel,  a  few  were  seen  near  East  Neebish  Channel, 
many  were  noted  near  Middle  Neebish  Channel  in  late  January,  but  none  in  March, 
and  high  numbers  of  tracks  were  seen  near  Johnson  Point  in  February  and  March. 
Numbers  of  canid  tracks  were  highest  near  East  Neebish  and  the  north  part  of  West 
Neebish  Channels.  No  canid  tracks  were  found  in  forested  areas  near  Johnson 
Point  or  Middle  Neebish  Channel  in  March. 

Channel  Widths  and  Crossing  Rates 

The  width  of  the  river  channel  appeared  to  be  an  important  factor  in  deter¬ 
mining  where  animals  would  cross.  A  chi-square  test  was  applied  to  determine 
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whether  the  number  of  crossings  at  various  channel  widths  was  proportional  to  the 
occurrence  of  the  channel  widths  available.  The  frequencies  of  occurrence  of 
channel  widths  and  of  crossings  are  shown  in  Figure  13.  The  null  hypothesis  is 
that  there  is  no  difference  between  the  frequency  of  occurrence  of  channel  widths 
and  the  proportion  of  animal  crossings  which  occur  at  such  widths.  The  test 
revealed  that  the  numbers  of  crossings  by  mammals  were  not  proportional  to 
available  channel  widths  (X^  =  294.3,  5  d.f.  p  <  .001).  Inspection  indicates 
that  crossings  of  all  species  were  disproportionately  frequent  at  narrower 
channels  and  disproportionately  infrequent  at  wider  channels.  Similar  tests  were 
applied  to  individual  species. 

Deer,  which  crossed  in  fewer  areas,  also  crossed  channels  of  narrower  width 
than  did  other  species.  Three  deer  did  cross  a  channel  1,400  m  wide,  but  96 
per  cent  of  the  deer  crossings  were  in  channels  <1,000  m  wide.  Canids  (coyotes, 
foxes,  and  unknown  canids)  all  crossed  wider  channels  much  more  readily;  35  per 
cent  of  their  tracks  were  across  channels  >1,000  m  wide.  Maximum  channel  widths 
crossed  by  an  individual  coyote,  fox,  or  unknown  canid  were  5.5  km,  3.1  km,  and 
3.5  km,  respectively.  The  distribution  of  crossings  of  unidentified  mammals 
(unknowns)  was  nearly  significantly  different  than  expected  if  crossings  were 
random  (P  *  .06).  The  larger  proportion  of  such  tracks  across  wide  channels  was 
again  due  to  the  fact  that  unidentified  tracks  were  most  common  on  large  lakes, 
which  have  greater  channel  widths  and  winds  and  snow  which  obscured  tracks  more 
often  than  on  narrower  channels. 

Habitat  Use 

The  distribution  and  proportion  of  5  different  habitat  types  (cedar-upland 
conifer,  mixed  deciduous  conifer,  deciduous  forest,  marsh-alder-willow  swamp, 
and  field-brush)  on  the  shorelines  at  Middle  Neebish  Channel,  Munuscong  Channel, 
Stribling  Point  and  Johnson  Point  were  recorded  and  compared  with  proportion  of 
habitat  types  from  which  mammals  crossing  the  channel  either  departed  from  or 
arrived  at  (Table  8). 

As  with  channel  widths,  a  chi-square  test  was  performed  to  determine  whether 
the  proportion  of  habitat  use  by  animals  merely  reflected  the  proportion  of 
habitat  types  available  or  whether  there  was  some  tendency  for  animals  to  select 
certain  habitat  types.  The  null  hypothesis  for  the  test  was  that  there  is  no 
difference  between  the  proportion  of  various  habitat  types  available  and  the 
frequency  of  occurrence  of  use  by  marranals  as  departure  and  arrival  sites  on  the 
shore.  The  h  value  of  361.8  indicates  that  the  null  hypothesis  should  be 
rejected  at  the  .001  level  of  probability,  and  we  conclude  that  animals  occurred 
on  the  shoreline  non-randomly  with  respect  to  habitat  availability. 

Habitat  use  by  each  species  was  significantly  different  from  habitat  avail¬ 
ability  (P  <  .005).  Deciduous  cover  was  little  used  by  any  species.  This  cover 
type  was  most  abundant  in  the  northern  portion  of  Munuscong  Channel  and  may  have 
accounted  for  the  low  number  of  crossings  there.  Mixed  coniferous-deciduous 
cover  was  used  most  often  by  canids  (coyotes,  foxes,  and  unknown  canids),  and 
open  fields  were  used  very  little.  Deer  utilized  the  cedar-conifer  types  most 
often.  This  habitat  was  distributed  mostly  from  Mirre  Point  south  around  the 
bend  of  Johnson  Point  on  Neebish  Island.  On  St.  Joseph  Island,  the  dense  conifer 
habitat  was  even  more  restricted;  across  from  Johnson  Point,  arrival  or  departure 


Table  8.  Percent  of  Occurrence  of  Habitat  Types  at  Departure  and  Arrival  Sites  of  Mairmals  Crossing  at 
Middle  Neebish  Channel,  Munuscong  Channel,  Stribling  Point,  and  Johnson  Point  from 
15  January  through  22  March  1980.  The  Percent  of  Habitat  Use  by  Each 
Species  is  Significantly  Different  (P<.005)  from  Habitat  Availability. 

The  Percent  of  Habitat  Available  is  Shown  in  Parentheses 
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Figure  13.  Frequency  of  occurrence  of  mama!  crossings 
(solid  bars)  compared  with  available  channel  widths 
(open  bars).  "Canids"  includes  48  coyte,  19  red  fox, 
and  34  unidentified  canids. 


sites  of  deer  (Figure  4)  reflected  almost  exclusively  the  distribution  of  this 
cover  type.  Deer  crossings  near  Stripling  Point,  Hardwood  Point,  and  northeast 
Neebish  Island  accounted  for  use  of  deciduous,  mixed  deciduous-conifer  and  marsh- 
alder-willow  habitats.  Open  fields  were  little  used  by  deer.  In  contrast,  a 
high  proportion  of  dog  crossings  began  or  ended  in  field  habitat. 

Residences  occur  through  all  habitat  types,  but  most  are  on  either  side  of 
Munuscong  Channel  near  Johnson  Point,  and  at  Hardwood  Point.  Few  houses  at 
Johnson  Point  are  inhabited  during  winter,  and  deer  tracks  were  conmonly  found  in 
yards  of  these  houses  throughout  the  winter. 

Directions  of  Crossings 

Significant  tendencies  to  cross  a  channel  in  one  direction  were  found  in 
only  two  areas.  From  26  January  to  9  February,  29  of  37  deer  (78%)  crossed 
south  from  Sugar  Island  to  Neebish  Island.  A  chi-square  test  was  used  to  deter¬ 
mine  what  the  probability  is  that  29  of  37  crossings  going  in  one  direction 
would  occur  by  chance  if  directional  movement  were  random.  The  expected  value 
would  be  a  50:50  ratio,  or  18.5  crossings  in  either  direction.  A  chi-square 
value  of  11.92  indicates  a  probability  of  less  than  .05  that  direction  of 
crossings  was  random,  suggesting  that  the  deer  were  moving  from  Sugar  Island  to 
Neebish.  During  the  same  period,  10  other  deer  attempted  to  cross  to  Neebish 
Island  but  were  turned  back  at  the  shipping  lane. 

On  6-7  February,  15  of  21  deer  (71%)  crossed  northwest  from  Stripling  Point 
on  St.  Joseph  Island  to  Hardwood  Point  on  Sugar  Island  (X^  =  3.86,  ?'  <  ,05). 

No  other  species  showed  a  directional  tendency  in  crossing  the  channels.  Of  171 
deer  crossings  near  Johnson  Point  for  which  the  direction  of  travel  could  be 
discerned,  no  significant  tendency  to  cross  one  way  or  the  other  was  noted 
during  any  of  the  five  time  periods  (late  January  to  late  March),  even  though 
crossing  rates  were  high. 

Estimated  Total  Number  of  Crossings 

Tracks  were  found  on  at  least  some  part  of  the  river  on  36  of  68  days  during 
the  15  January-22  March  period.  Because  we  surveyed  only  when  weather  conditions 
were  suitable,  estimates  of  the  total  numbers  of  animals  crossing  the  St.  Mary's 
River  during  the  entire  winter  can  not  oe  directly  derived  from  the  rates  we 
observed.  At  least  two  of  three  weather  variables  considered  a  hindrance  to  the 
observation  of  mammal  tracks  (daily  snowfall  >2  cm,  mean  wind  speed  >12  km/hr, 
and  >50%  cloud  cover)  occurred  on  21  of  the  32  days  we  did  not  collect  data. 
During  these  21  days  when  weather  was  more  severe,  we  assumed  that  animals  were 
less  likely  to  move  than  or  days  with  good  weather,  but  that  their  activity  was 
not  zero.  Uur  best  estimate  is  that  crossing  rates  during  those  days,  for  all 
species,  were  approximately  half  of  the  observed  rates.  We  also  assumed  that 
species  and  rates  of  crossings  on  the  11  days  with  more  favorable  weather,  were 
probably  similar  to  those  on  the  days  when  tracks  were  located. 

We  used  these  correction  factors  to  estimate  the  total  numbers  and  propor¬ 
tion  of  animals,  by  species,  crossing  the  shipping  and  non-shipping  channels  we 
surveyed  on  the  St.  Mary's  River  from  15  January  through  22  March  1980  (Table  9). 
Crossings  by  deer  were  the  most  common  (52.3%)  of  the  1,144  calculated  for 
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Table  9.  Estimated  Number  of  Crossings  by  Mammals  on  the  St.  Mary's  River,  15  January  to  22  March  1980. 
Calculations  Assume  that  Crossing  Rates  on  47  Days  Were  Equal  to  Those  Presented  in 
Table  7,  and  Were  Half  Those  Rates  on  the  Other  21  Days. 

Percent  of  Row  Total  is  Shown  in  Parentheses 
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Most  likely  coyote  or  red  fox;  possibly  wolf,  lynx  or  bobcat. 


shipping  channels.  But  on  non-shipping  channels,  crossings  by  canids  (coyotes, 
foxes,  and  unknown  canids)  comprised  6^1  per  cent  of  the  estimated  total  of  599, 

Effects  of  Ship  Passage 

The  U.  S.  Coast  Guard  icebreaker  Katmai  Bay  traveled  down  the  St.  Mary's 
River  from  Sault  Ste.  Marie  to  Hay  Point  on  5  February,  and  to  Johnson  Point  on 

6  and  20  February.  On  22  March,  this  vessel  traveled  south  to  Detour,  and 

returned  later  in  the  day  to  Sault  Ste.  Marie  with  the  larger  icebreaker  U.S.S. 
Mackinaw  following.  We  conducted  aerial  surveys  to  locate  tracks  on  the  ice  on 

7  and  22  February,  and  24  March.  Ground  surveys  and  observations  were  made  on 

5,  7,  8,  and  22  February,  and  on  22,  23,  26,  and  28  March. 

Number  of  Turnbacks  -  Table  10  presents  a  summary  of  the  activity  of  89 
animals  which  encountered  the  ship  track  within  48  hours  after  passages  of  ice¬ 
breakers.  All  37  deer  encountering  the  ship  track  less  than  24  hours  after  ship 
passage  turned  back;  this  includes  three  deer  which  fell  into  open  water  but 
escaped.  An  additional  2  of  4  deer  turned  back  about  24  hours  after  ship  passage. 
In  contrast,  none  of  29  coyotes  and  foxos  were  deterred  when  encountering  the 
ship  track  within  24  hours.  Only  1  of  25  unidentified  tracks  turned  back  within 
48  hours  of  ship  passage. 

Deer  Behavior  at  Ship  Track  -  Observations  of  both  deer  and  their  tracks 
(see  Appendix  A  for  detailed  narratives)  indicated  that  deer  would  sometimes 
travel  over  large  (>5  m'^)  flat  plates  of  broken  ice  covered  with  snow  that  were 
less  than  0. 1-0.2  m  from  the  nearest  other  plate,  but  turned  back  from  the  actual 
ship  track  which  contained  open  water  and  floating,  smooth  chunks  of  ice  less  than 

l. 0  across.  Tracks  often  led  to  within  10-20  m  of  the  open  ship  track,  then 
turned  back.  Some  tracks  led  up  to  the  very  edge  of  the  ship  track,  and  several 
deer  were  observed  sniffing  at  the  open  water.  On  most  occasions,  deer  then 
moved  1-5  m  back  from  the  ship  track  edge,  traveled  along  the  track  for  10-100 

m,  then  attempted  to  cross  again.  This  behavior  was  often  repeated  before  the 
deer  actually  returned  to  shore.  The  three  deer  which  fell  into  the  ship  track 
were  observed  on  22  March;  12  deer  on  the  ice  or  at  the  shoreline  were  also 
observed  on  that  day.  On  23,  26,  and  28  March,  when  ships  were  keeping  the 
channel  open  continually,  13  hours  of  observations  were  made  at  Johnson  Point. 
During  that  time,  no  deer  were  seen  to  travel  on  the  ice,  though  13  were  seen  on 
the  Neebish  shore  on  28  March. 

Weather  after  Passages  -  Mean  daily  temperature  from  5  to  7  February  was 
-12.8  C  and  the  broken  ice  in  the  ship  track  likely  froze  quickly;  the  two  deer 
noted  in  Table  10  which  crossed  at  about  24  hours  after  ship  passage  did  so  on 
February  7.  From  20  to  22  February,  the  mean  daily  temperature  was  only  -1.7  C 
and  the  ice  likely  took  somewhat  longer  to  refreeze;  however,  4  deer  did  cross 
the  channel  about  36  hours  after  ship  passage  at  that  time.  Mean  daily  tempera¬ 
ture  from  22  to  24  March  was  -3.3  C,  but  as  noted  earlier,  commercial  shipping 
resumed  on  24  March. 

Other  Turnbacks  -  The  proportion  of  turnbacks  by  mammals  during  the  rest 
of  the  winter  was  also  noted.  Of  313  sets  of  deer  tracks  located  on  the  ice 
greater  than  48  hours  after  ship  passage,  or  on  non-shipping  channels,  only  30 
turned  back.  Apparent  causes  of  turnbacks  included;  open  water  at  East  Neebish 
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Table  10.  Proportion  of  Animals  Which  Turned  Back  Upon  Encountering  the 
Ship  Track  at.  Various  Time  Intervals  After  Passages  of  Icebreakers  on 
5,  6,  and  22  February,  and  22  March  1980,  as  Determined  by  Direct 
Observations  of  Animals  and  from  Tracks  (Proportion  «  Number 
of  Animals  Turning  Back/Number  of  Animals 
Attempting  to  Cross) 


Species 

Approximate  number  of  hours  since  ship  passage 

3  12 

24 

36  48 

Deer 

18/18  19/19 

2/4 

0/4 

Coyote 

0/20 

0/6 

0/1 

Red  fox 

0/2 

0/1 

0/1 

Unknown 

0/3 

1/22 
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Channel  (6  deer);  slippery  ice,  especially  new  ice  with  little  snow  cover  in  late 
January  (12  deer);  and  disturbance  by  passing  automobiles  on  St.  Joseph  Island 
across  from  Johnson  Point  (6  deer).  Six  other  deer  turned  back  for  undetermined 
reasons.  The  only  coyote  turnback  of  111  tracks  observed  also  occurred  at  the 
open  water  in  East  Neebish  Channel.  One  of  39  fox  tracks  turned  back  after 
coming  within  30  m  of  shore vhere  dogs  and  occupied  humans  dwellings  were  present. 

Activity  on  the  Ice 

Species  Comparison  -  The  actual  proportion  of  travel  on  the  ice  which 
resulted  in  crossings  by  individual  species  could  not  be  determined  because  few 
of  our  survey  flights  covered  shoreline  areas,  where  tracks  which  did  not  cross 
channels  were  likely  most  common.  Comparisons  could  be  made,  however,  between 
the  relative  crossing  activities  of  coyotes  and  deer.  Twenty-three  per  cent  of 
111  coyote  tracks  on  the  ice  departed  and  returned  to  the  same  shoreline  without 
reaching  the  opposite  shore.  Only  0.7  per  cent  of  283  deer  tracks  on  the  ice 
(excluding  the  30  deer  noted  above  which  turned  back)  returned  to  the  same  shore¬ 
line.  A  2  X  2  contingency  table  was  used  to  calculate  a  chi-square  value  testing 
the  null  hypothesis  that  there  is  no  difference  between  crossing  rates  of  deer 
(2  non-crossings  and  281  crossings)  and  coyotes  (25  non-crossings  and  86  crossings). 
The  'ir  value  of  62.3  yields  a  probability  of  <.001  that  there  is  no  difference. 
Coyotes  are  therefore  more  likely  than  deer  not  to  cross  once  they  have  ventured 
onto  the  ice.  It  appears  that  nearly  all  deer  which  go  onto  the  ice  do  so  with 
the  purpose  of  crossing. 

Of  coyotes  which  did  cross  the  ice,  27.4  per  cent  (n  =  84)  were  considered 
to  have  moved  either  semi-directly  (one  or  two  obvious  stops,  or  a  change  in 
direction  of  travel)  or  in  a  meandering  fashion.  Only  9.2  per  cent  (n  =  281)  of 
deer  tracks  were  semi-direct  or  meandering,  with  the  remainder  classified  as 
direct  from  one  shore  to  the  other.  A  similar  2x2  test  was  conducted  compar¬ 
ing  directness  of  movements  of  coyotes  and  deer.  Differences  between  species 
were  significant  (X^  =  13.2;  P  <.005). 

Coyote  Behavior  -  One  seasonal  difference  was  noted  with  respect  to  coyote 
activity  on  the  ice.  On  three  occasions  (7,  17,  and  22  February),  we  observed 
tracks  on  the  ice  near  Johnson  Point  which  were  indicative  of  mating  activities 
by  coyotes.  In  each  instance,  pairs  of  animals  had  urinated,  scratched,  and 
meandered  or  "played"  on  the  ice  200-300  m  from  shore. 

Observations  of  Deer 


Location  and  Time  of  Activity  Near  Johnson  Point  -  From  5  February  through 

18  March,  between  the  hours  of  1110  and  1600,  32  deer  were  observed  on  the  ice 
near  Johnson  Point,  21  immediately  north  of  the  tip  of  the  point  and  11  south 
of  the  point.  Eighteen  of  29  deer  north  of  the  point  were  observed  on  the  ice 
between  1154  and  1306  hours  (the  other  one  was  at  1120  hr;  mean  =  1217  hr  for 

19  deer);  observation  time  for  two  deer  was  not  recorded.  South  of  the  point, 
10  of  11  deer  were  observed  between  1110  and  1125  hrs  (the  other  one  was  at 
1518  hr;  mean  =  1140  hr  for  11  deer).  Observation  opportunities  were  equal  for 
both  areas.  A  t-test  compa- ing  means  was  conducted  to  test  the  hypothesis  that 
there  was  no  difference  between  the  two  areas  in  average  time  of  day  at  which 
deer  crossed.  Differences  in  mean  time  were  significant  (t  =  2.07,  28  d.f.. 
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P  <.05)  suggesting  that  deer  crossed  earlier  in  the  day,  south  of  Johnson  Point. 
Unsuccessful  crossing  attempts  were  made  repeatedly  between  1030  and  1410  hrs, 
after  the  icebreaker  had  passed  at  0945. 

Proportion  of  Fawns  Observed  -  At  least  17  (29")  of  the  58  deer  observed 
near  Johnson  t’oint  from  5  February  to  28  March  were  fawns.  Some  of  the  11 
animals  classified  as  unknowns  may  have  also  been  fawns,  but  fawns  were  usually 
distinguished  easily  by  their  small  body  size. 

Reactions  to  Other  Disturbances  -  Deer  on  the  ice  were  observed  from  the 
airplane  on  two  occasions.  Both  times,  deer  were  at  least  half  way  across  the 
channel  and  looked  up  at  the  circling  airplane.  Passes  within  150  m  of  the  deer 
caused  them  to  run  to  the  shoreline  away  from  the  aircraft.  The  effects  of 
automobiles  traveling  on  St.  Joseph  Island  shoreline  directly  across  from 
Johnson  Point  was  observed  four  times.  On  three  occasions,  deer  stopped  if  they 
were  crossing  towards  St.  Joseph  Island  and  then  turned  and  ran  back  to  Neebish 
Island  when  vehicles  stopped  or  slowed  down.  One  time,  a  deer  leaving  St. 

Joseph  Island  broke  into  a  run  and  crossed  to  Neebish  Island  when  a  vehicle 
passed  just  behind  it.  On  three  occasions,  snowmobiles  traveled  within  200  m  of 
deer  on  the  ice  or  at  shoreline,  and  no  change  in  the  behavior  of  the  deer  was 
noted. 

Deer  Mortality  -  On  5  January,  a  deer  carcass  was  observed  from  the  air  on 
a  small  bay  where  the  Gogomain  Fiver  enters  Munuscong  Lake.  It  was  150  m  from 
shore,  and  though  only  ravens  (Corvus  corax)  were  present  at  the  time,  at  least 
5  sets  of  canid  tracks  were  also  observed.  On  13  January,  the  U.S.S.  Katmai 
Bay  picked  up  a  39-kg  male  deer  fawn,  which  had  apparently  slipped  on  the  ice 
and  was  unable  to  return  to  shore,  a  distance  of  about  750  m  to  Hay  Point. 

Despite  attempts  to  revive  the  deer,  it  died  the  next  day.  On  21  January,  the 
carcass  of  an  immature  female  deer  was  •found  on  Middle  Neebish  Channel  near  the 
east-west  dike,  tevens  and  a  bald  eagle  (Haliaeetus  leucocephalus)  were  at  the 
carcass,  and  tracks  of  at  least  one  canid  were  noted.  Deer  tracks  on  the  ice 
further  down  the  channel  indicated  that  footing  on  the  ice  for  deer  was  very  poor, 
and  the  dead  animal  probably  fell  and  could  not  return  to  shore.  And  on  24 
January,  on  a  small  bay  south  of  Lime  Island,  tracks  and  large  patches  of  hair 
were  present  where  several  coyotes  had  chased  an  adult  female  deer  across  the 
ice,  about  50  m  from  shore  at  the  furthest  point,  and  attacked  her  at  least 
three  times.  The  deer  was  killed  after  traveling  into  the  woods  about  40  m. 

On  16  April  the  crew  of  the  U.S.S.  Katmai  Bay  observed  a  dead  deer  floating  in 
the  channel  near  Point  Louise,  just  upstream  from  the  narrows  west  of  the 
International  Bridge.  Presumably  this  deer  had  fallen  through  poor  ice  and 
could  not  return  to  shore. 

Deer  Cover  and  Food  on  Neebish  Island  -  On  18  April  1980,  deer  habitat  was 
examined  on  Neebish  Island,  particularly  shoreline  habitat  at  Johnson  Point. 

Table  11  lists  11  plant  species  which  had  been  browsed.  Although  white  cedar 
was  abundant  in  the  area,  it  had  been  heavily  browsed  in  previous  years  and 
though  it  likely  provided  cover  for  wintering  deer,  little  was  newly  browsed. 

There  was  abundant  evidence  from  droppings,  runways  and  browsing  that  a 
large  number  of  deer  (perhaps  200-300)  had  wintered  on  the  southern  one- third 
of  Neebish  Island.  Tracks  observed  during  transect  surveys  in  the  woods  on 
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Table  11.  A  List  of  Plant  Species  Browsed  by  Deer  on  Johnson  Point  as 
Noted  During  Habitat  Investigation  of  Neebish  Island, 

18  April  1980 


Coimon  name 

Scientific  name 

White  pine 

Pinus  strobus 

Balsam  fir 

Abies  balsamea 

Balsam  poplar 

Populus  balsamifera 

Willow 

Salix  spp. 

Tag  alder 

Alnus  ruqosa 

Beaked  hazel 

Cornus  cornuta 

Rose 

Rosa  spp. 

Staghorn  sumac 

Rhus  typhina 

Mountain  maple 

Acer  spicatum 

Red-osier  dogwood 

Cornus  stolon  if era 

Honeysuckle 

Lonicera  spp. 
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6  March  also  indicated  a  high  deer  concentration  there.  By  18  April,  however, 
almost  no  fresh  deer  sign  was  observed  on  the  southern  half  of  the  island, 
suggesting  that  most  deer  had  already  moved  to  other  areas,  probably  off  the 
island. 

Observations  of  Other  Species 

Coyotes  -  Single  coyotes  were  observed  on  the  ice  three  times  by  other 
researchers  in  the  area,  on  10  and  13  February  near  Johnson  Point  (J. Duncan, 
pers.  comm.)  and  on  21  February  in  northern  West  Neebish  Channel  (W. Duffy,  pers. 
comm. ) . 

Red  Foxes  -  Foxes  were  observed  on  the  ice  on  only  two  occasions.  On  24 
January,  one  individual  was  observed  from  the  air  just  west  of  the  International 
Bridge  on  the  southwest  shoreline  of  one  of  the  dredged-material  islands.  On 
29  January,  R.  Jensen  (pens,  comm.)  watched  two  foxes  on  the  ice  at  the  north¬ 
west  corner  of  Sugar  Island,  just  north  of  the  Sugar  Island  ferry  causeway. 

Dogs  -  Two  dogs  were  observed  on  the  ice,  one  on  26  January  south  of  Lime 
Island  near  the  Michigan  mainland,  and  one  on  7  March  running  along  the  ice 
shelf  which  paralleled  the  open  water  south  of  the  Sugar  Island  Ferry.  The 
first  dog  was  within  200  m  of  parked  snowmobiles,  and  the  second  was  about  200 
m  from  the  nearest  human  habitation. 


Whitefish  Bay 


A  total  of  five  surveys  was  flown  over  parts  of  Whitefish  Bay  in  attempts 
to  locate  mammal  tracks  (Table  12).  At  no  time  during  the  winter  were  conditions 
on  the  bay  such  that  tracks  woulJ  remain  on  snow  covered  ice  greater  than  200  m 
from  shore  for  more  than  a  dav  or  two.  Thus,  our  surveys  concentrated  on  the 
islands  in  Whitefish  Bay  ano  along  the  Ontario  shoreline  (Figure  1). 

Geographic  Oistrijution  of  Tracks 

lie  Parisienne  (11.0  km  from  the  nearest  mainland)  -  Snowshoe  hare  (Lepus 
americanus)  and  red  fox  tracks  were  observed  on  all  flights  when  tracks  were 
detected.  Both  the  shoreline  and  the  island  interior  (flown  north  to  south) 
were  surveyed,  and  tracks  of  both  species  were  common  in  all  areas. 

Maple  Island  (1.0  km  from  the  mainland)  -  During  the  first  of  two  surveys 
(8  March),  tracks  of  a  single  canid  crossing  from  the  mainland  to  the  island 
were  noted.  On  the  other  survey  (24  March),  tracks  of  2  to  3  deer  were  noted 
on  the  shoreline  of  the  island. 

North  and  South  Sandy  Islands  (6.6  km  from  the  mainland  and  1.5  km  from 
each  other)  -  Red  fox,  snowshoe  hare,  and  unidentified  mustelid  tracks  were 
observed  on  the  28  February  and  8  March  surveys.  Fox  tracks  were  most  coimon. 

On  24  March,  a  single  set  of  canid  tracks  was  noted  on  the  south  end  of  North 
Sandy  Island  and  these  continued  southward  onto  the  ice  for  50  m  before  they 
were  obscured.  On  South  Sandy  Island  tracks  of  five  different  canids. 
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Table  12.  Mammal  Tracks  Observed  During  Aerial  Surveys  of  Shorelinesof  Islands  and  the  Ontario  Mainland 

of  Whitefish  Bay,  January-Marth  1980 
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Probably  coyote,  red  fox,  or  wolf;  possibly  lynx. 

Tracks  of  5  canids  traveling  together,  probably  wolf  (see  text). 


apparently  traveling  together,  were  observed  on  the  same  flight.  Snow  had 
melted  around  these  tracks,  and  they  were  likely  about  five  days  old.  The 
tracks,  however,  could  still  be  definitely  identified  as  those  of  canids.  They 
proceeded  southward  along  the  west  side  of  the  island  within  10  m  of  shore. 

They  left  the  island  at  the  south  end  and  continued  in  a  south-southwesterly 
direction  before  they  were  lost  in  windblown  snow  and  bare  ice  80  m  from  shore. 
Drifted  snow  and  rough  ice  prevented  landing  to  more  closely  check  the  tracks, 
but  we  believe  that  the  tracks  were  most  probably  made  by  wolves.  It  is 
unlikely  that  a  pack  of  domestic  dogs  would  venture  so  far  out  onto  the  bay, 
and  coyotes  or  foxes  rarely  travel  in  packs  as  large  as  five  animals.  In 
addition,  coyotes  are  much  less  common  than  wolves  on  the  nearest  Ontario 
mainland  (unpubl.  data,  Ontario  Ministry  of  Natural  Resources,  Sault  Ste.  Marie). 

Batchawana  Island  (0.4  km  from  the  mainland)  -  Canid  tracks,  likely  those 
of  coyotes  or  possibly  single  wolves,  were  observed  on  8  March  and  crossed  small 
bays  on  the  island  or  went  out  to  smaller  adjacent  islands  50-400  m  away. 

Ontario  Mainland  -  Tracks  of  canids,  snowshoe  hares,  and  at  least  one  moose 
were  noted  along  the  shoreline.  Tracks  were  most  common  in  areas  where  human 
dwellings  were  not  present. 
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PART  V  :  DISCUSSION 


Winter  Movements  Across  the  Ice 


Canids 

Review  of  Canid  Movements  -  Coyotes  travel  across  ice  readily  (Ozoga  and 
Phillips  1964,  Long  1978,  Wright  1978,  Van  Druff  and  Lomolino  1979,  W.Berg 
pers.  comm,,  G. Smith  pers.  comm.),  but  are  much  more  hesitant  to  swim  any  great 
distance  (Bryant  1919,  Couch  1932,  Murie  1940,  Robinson  and  Cummings  1947, 
Vermeer  1970).  Up  to  70  per  cent  of  coyote  juveniles  1  yr  old)  disperse, 
usually  during  fall  and  early  winter  (Ftobinson  and  Cummings  1951,  Knowlton  1972, 
Chesness  and  Bremicker  1974,  Nellis  and  Keith  1976,  Andrews  and  Boggess  1978, 
Berg  and  Chesness  1978).  Red  foxes  are  also  generally  disinclined  to  swim 
(Phillips  et  al .  1972,  Sargeant  1972,  Storm  et  al.  1976),  but  apparently  cross 
ice  without  much  hesitation  (Crissey  and  Darrow  1949,  Werner. 1956,  Storm  et  al . 
1976,  Pils  and  Martin  1978).  Fox  dispersal  begins  in  late  September  and  early 
October  and  continues  through  March;  up  to  88  per  cent  of  pups  and  30  per  cent 
of  adults  may  disperse  (Phillips  et  al.  1972,  Andrews  et  al .  1973,  Storm  et  al. 
1976,  Pils  and  Martin  1978). 

Tracks  identified  as  unknown  canid  were  likely  those  of  coyotes  and  red 
foxes,  but  were  possibly  those  of  wolves,  bobcats,  or  lynx  also.  Wolves  are 
much  more  likely  to  cross  ice  than  either  lynx  or  bobcats  (Mech  1966,  McCord 
1974,  Peterson  1977,  1979,  Allen  1979,  Robinson  and  Fuller  1979,  C. Brand  pers. 
comm.).  But  because  of  their  scarcity  near  the  river  (Robinson  and  Fuller 
1979),  any  wolves  or  lynx  that  cross  would  likely  be  dispersing  animals. 

Bobcats  are  more  common  near  the  river,  but  because  of  their  preference  for 
dense  vegetation  (McCord  1974),  most  crossings  are  likely  to  be  done  only  by  a 
few  dispersers,  also. 

Winter  Movements  on  the  St.  Mary's  River  -  Activity  of  canids  (coyotes, 
red  foxes,  and  unidentified  canids)  observed  by  us  was  likely  higher  early  in 
the  winter  than  later  for  several  reasons.  The  first  ice  cover  made  islands 
and  opposite  shorelines  accessible.  Coyotes  and  foxes  with  home  ranges  adjacent 
to  the  river  may  have  crossed  soon  after  freeze-up  to  explore  newly  accessible 
areas.  Also,  open  river  channels,  which  were  barriers  to  some  animals  that  may 
have  been  dispersing  from  their  natal  home  range,  became  easily  crossed  routes 
in  early  winter. 

Another  reason  for  increased  activity  of  canids  on  the  ice  is  the  timing 
of  the  breeding  season.  For  coyotes  and  foxes,  solitary  individuals  may  more 
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easily  locate  mates  by  traveling  to  new  areas,  or  spending  more  time  in  open 
areas.  Most  coyote  mating  activity  in  the  St.  Mary's  River  area  probably  takes 
place  from  late  January  through  February  (Kennel ly  1978);  the  same  is  true  for 
foxes  (Storm  et  al.  1976).  Coyotes,  foxes,  and  their  tracks  suggesting 
breeding  activity  were  seen  from  14  January  to  22  February. 

Canid  activity  on  the  ice  may  have  been  lower  later  in  the  winter  because 

of  changing  snow  depths.  Track  depths  in  snow  on  the  ice  in  late  February 

were  deeper  than  on  land  and  animals  may  have  been  more  reluctant  to  travel 
across  the  ice.  Frozen  waterways  are  usually  less  covered  with  snow  and  are 
favored  as  traveling  routes,  but  deep  snow  sometimes  hampers  coyote  movements 
(Ozoga  and  Harger  1966).  Track  depths  in  snow  in  the  woods  in  late  winter 
were  low,  and  presumably  snow  was  not  restrictive.  Canid  activity  Doth  on  the 
ice  and  on  land  was  low  then,  also,  and  animals  may  have  needed  to  travel  less 
in  their  search  for  food. 

Canids  did  not  apparently  migrate,  that  is,  cross  channels  in  any  one 

direction.  Travel  patte»*ns  on  the  ice  indicated  that  canids  utilized  the  ice 

more  in  search  of  prey  or  other  members  of  their  species,  rather  than  to 
directly  cross  the  channel,  as  deer  did.  More  crossings  of  canids  than  of 
deer  were  at  wide  channels;  one  coyote  traveled  at  least  9.0  km  across  one 
lake  moving  between  islands  but  not  setting  foot  on  them.  Canid  crossings 
were  spread  throughout  the  river  system,  and  were  absent  only  where  humans 
and  dogs  were  habitually  present.  Most  canids  likely  have  little  need  to  fear 
being  caught  by  predators  out  on  the  ice,  and  therefore  they  appear  to  spend 
more  time  on  ice  than  do  deer. 

Habitat  use  by  canids  was  similar  to  that  reported  for  coyotes  by  Ozoga 
and  Harger  (1966).  Coyotes  generally  avoided  upland  hardwoods  and  used  mixed 
or  conifer  forest  more  often.  These  habitats  may  be  used  more  because  prey 
animals  in  winter  are  more  likely  to  be  found  there  (Ozoga  and  Harger  1966). 

Oeer 


Review  of  Winter  Ecology  -  Near  the  Great  Lakes,  winter  ranges  of  white¬ 
tailed  deer  are  sometimes  separated  from  summer  ranges  by  distances  up  to  52 
km  (Verme  1973,  Fanter  1977).  Seasonal  ranges  and  migratory  patterns  are 
apparently  strongly  traditional  and  learned  early  in  life  (Nelson  1979,  Nelson 
and  Mech  1980).  Fall  migrations  of  deer  usually  occur  from  late  November 
through  January  (Westover  1971,  Hoskinson  and  Mech  1976,  Fanter  1977,  Nelson 
and  Mech  1980).  Sharp  drops  in  temperature,  rather  than  just  snowfall, 
apparently  initiate  migration  activity  (Verme  and  Ozoga  1971,  Nelson  and  Mech 
1980).  Deer  migrate  to  particular  winter  ranges,  or  "yards",  to  gain  physical 
comfort  and  reduce  physical  environmental  stress.  Though  proper  food  is 
essential  for  survival,  deer  apparently  select  yards  more  on  the  basis  of 
shelter  provided  (Verme  1965)  than  on  food  available.  In  these  areas,  mature 
conifer  cover  ensures  that  snow  is  shallow  and  more  dense,  temperatures  are 
more  stable,  and  wind  is  less  strong  (Verme  1965,  Ozoga  1968).  In  winters  of 
deep  snow,  deer  use  smaller  areas  and  travel  less;  they  also  utilize  conifer 
cover  more  (Telfer  1970,  Drolet  1976).  Snow  depths  of  20  cm  may  influence 
the  location  of  deer  activity,  and  depths  of  40  cm  may  severely  restrict  move¬ 
ments  (Kelsall  and  Prescott  1971).  Spring  dispersal  by  deer  is  closely  related 
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to  a  rise  in  ambient  temperature,  usually  when  maximum  daily  temperatures 
become  consistently  above  freezing  (Drolet  1976,  Nelson  and  Mech  1980);  deep 
snow  may  impede  dispersal  in  some  years  even  when  temperatures  are  higher. 
Spring  dispersal  usually  takes  place  from  March  through  April  (Nelson  and 
Mech  1980). 

Deer  may  make  extensive  use  of  shoreline  ice,  but  crossings  are  usually 
over  rivers  or  lakes  less  than  1.6  km  wide,  and  are  usually  direct  (Jackson 
1919,  Peek  pers.  comm.,  W.Berg  pers.  conin.).  In  Upper  Michigan,  near  Munising, 
deer  commonly  travel  between  Grand  Island  and  the  mainland  (0.8  km),  usually 
when  snow  on  the  ice  is  abundant  and  provides  firm  footing  (L.Verme  pers. 
comm.)  Deer  are  vulnerable  to  predation  by  coyotes  or  wolves  while  traveling 
on  ice  (Pimlott  et  al.  1969,  Mech  1970,  J.Peek  pers.  conm.).  Deer  may  also 
die  after  falling  through  thin  or  unsafe  ice  or  after  slipping  and  falling  on 
smooth  ice  (Spiker  1933,  Severinghaus  and  Cheatum  1956). 

Winter  movements  on  the  St.  Mary's  River  -  Our  data  from  winter  1979-80 
indicate  that  deer  migrations  occurred  through  the  first  week  of  February. 

Ice  and  snow  conditions  for  observing  tracks  were  poor  in  January,  and  the 
ice  surface  condition  for  travel  by  deer  was  also  poor.  We  believe  that 
because  of  mild  December  and  early  January  weather  movements  of  deer  to  the 
Neebish  Island  yard  in  1979-80  probably  occurred  later  than  in  other  winters. 
The  yard  on  the  southern  half  of  Neebish  Island  was  heavily  used,  and  areas 
on  St.  Joseph  Island  across  from  Johnson  Point  are  apparently  a  traditional 
extension  of  the  yard  that  are  used  because  of  the  presence  of  thick  conifer 
cover  and  adequate  food  resources.  -The  risk  that  deer  take  in  crossing  the 
open  ice  from  Neebish  to  St.  Joseph  Island  is  likely  compensated  for  by  the 
quality  of  the  available  winter  habitat  on  St.  Joseph  Island.  In  all  areas, 
deer  went  directly  across  and  did  so  only  at  narrow  portions  of  the  channel. 
Though  snow  cover  may  have  influenced  deer  movements  (mean  depth  =  25.9  cm), 
depths  during  the  winter  of  1979-80  were  never  such  that  they  severely 
restricted  travel.  The  proportion  of  fawns  we  observed  near  Johnson  Point 
(29%)  was  similar  to  proportions  found  in  other  studies  in  northern  Michigan 
(14-27%;  Fanter  1977,  W.  Robinson  et  al .  unpubl .  data),  and  also  suggested 
that  winter  weather  was  not  overly  detrimental  to  the  deer  population  as  a 
whole.  Though  crossing  rates  near  Johnson  Point  were  consistently  high 
throughout  the  winter,  our  information  suggests  that  crossings  there  may  have 
been  made  by  a  relatively  small  number  (perhaps  less  than  40)  individual  deer 
or  groups  of  deer  which  crossed  at  particular  locations  at  the  same  time  during 
the  day.  It  is  possible,  though,  that  a  large  proportion  of  the  deer  wintering 
on  Neebish  Island  visit  the  Johnson  Point  at  least  once  during  the  winter  and 
may  cross  the  channel . 


Potential  Impact  of  Winter  Shipping 


Anticipated  Changes  to  Ice  Cover 

Although  the  few  passages  of  theU.  S.  Coast  Guard  icebreaker  Katmai  Bay 
presented  an  opportunity  to  observe  the  impact  of  a  ship  passing  through  the 
channel  in  winter,  it  was  a  minimal  look  at  best.  Corrmercial  vessel  traffic 
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with  Icebreaker  assistance  would  alter  the  ice  cover  to  a  greater  extent  than 
that  observed  during  the  limited  transits  of  the  Katmai  Bay.  After  multiple 
passages  of  commercial  vessels  and  icebreakers,  chunks  of  ice  in  the  ship 
track  may  become  smaller  than  those  observed  and  this  could  affect  mammal 
movement  to  a  greater  extent  than  observed  during  the  1979-80  winter. 

Also,  two  proposed  modifications  to  the  navigation  channel  near  Neebish 
Island  would  greatly  affect  ice  cover.  Because  vessels  encounter  serious 
difficulty  in  negotiating  sharp  turns  on  some  channels,  air  bubbler  systems 
have  been  recommended  to  maintain  thin  ice  cover  in  these  areas  (U.  S.  Army 
Corps  of  Engineers  1979a).  Open  water  is  sometimes  present  directly  over  the 
bubbler  pipe,  depending  on  temperature,  and  open  water  or  thin  ice  may  follow 
the  ship  track  for  up  to  1,500  m,  and  up  to  12  m  on  either  side.  In  addition, 
an  anticipated  increase  in  winter  traffic  has  created  the  need  to  consider 
two-way  ship  traffic  around  Neebish  Island.  The  vessel  track  width  could  be 
doubled  in  some  areas  and  the  width  of  the  broken  ice  field  would  be  further 
extended. 

General  Impact  on  Large  Land  Mammals 

There  are  two  primary  obstructions  to  mammals  attempting  to  cross  recently 
created  ship  tracks  in  winter.  Though  all  seven  species  of  large  land  mammals 
may  swim  in  summer  (Robinson  and  Fuller  1979),  none  likely  swim  by  choice  in 
mid-winter,  and  thus  all  animals  avoid  open  water  present  at  ship  tracks. 

Some  animals  may  be  able  to  swim  on  certain  occasions,  but  deep  water  and 
floating  ice  chunks  usually  prevent  easy  and  successful  crossings  or  returns 
to  shore.  Also,  the  smooth  floating  ice  chunks  which  are  created  after  each 
ship  passage  refreeze  and  become  extremely  slippery.  It  is  likely  that  the 
hesitancy  of  most  large  mammals  to  cross  the  ship  track  would  increase  in  pro¬ 
portion  to  the  area  of  the  broken  ice  field  over  which  they  must  travel.  The 
degree  to  which  open  water  and  broken  ice  fields  are  present  and  their  locations 
are  likely  to  alter  or  possibly  eliminate  movements  of  mammals  across  the  ice. 

Impact  on  Coyotes  and  Red  Foxes 

Our  information  indicates  that  coyotes  and  red  foxes  will  cross  newly  made 
ship  tracks  soon  after  the  ice  is  refrozen  and  will  support  their  weight.  The 
length  of  time  required  for  the  channel  to  refreeze,  the  frequency  of  ship 
passages,  and  the  size  of  the  ice  field  in  the  ship  track  all  likely  influence 
the  rate  at  which  coyotes  and  foxes  cross  the  river  in  winter.  Serious  disrup¬ 
tions  of  coyote  and  fox  movements  are  probably  not  common  when  temperatures 
are  low  and  when  ship  traffic  is  light. 

Impact  on  White- tailed  Deer 

Deer  have  traditionally  crossed  parts  of  the  St.  Mary's  River  repeatedly 
while  traveling  between  portions  of  their  winter  ranges  (W.Caniher  pers.  comm.). 
Trappers  and  local  residents  have  stated  that  more  than  10  deer  at  a  time  were 
frequently  seen  crossing  single  file  between  Johnson  Point  and  St.  Joseph 
Island  in  years  before  winter  shipping;  well -used  deer  travel  ways  were  also 
obvious.  The  introduction  of  winter  shipping  has  apparently  impeded  some  of 
these  crossings.  DBer  tracks  were  observed  leading  to  and  into  the  navigation 
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channel  in  winter  1978-79  at  the  Johnson  Point  crossing  area  (U .  S.  Fish  and 
Wildlife  Service  June  1979).  Numerous  trappers  have  commented  on  deer  falling 
through  thin  ice  and  drowning,  particularly  at  this  crossing.  One  deer  which 
fell  through  the  ice  but  was  able  to  return  to  shore  was  subsequently  run  down 
and  killed  by  dogs  (W.Caniher  pers.  comm.);  normally,  an  unfatigued  deer  would 
have  escaped.  Dead  deer  have  been  found  on  shore  both  at  the  Johnson  Point 
crossing  area,  and  upriver  from  the  International  Bridge  Near  Point  Aux  Pins 
(T.Weise  pers.  comm.,  W.Oaniher  pers.  comm,);  in  both  these  locations,  deer 
have  also  been  observed  stranded  on  floating  ice.  Although  cause  and  effect 
has  not  been  conclusively  demonstrated,  some  residents  feel  that  deer  are  less 
numerous  on  St.  Joseph  Island  since  winter  shipping  began.  Thus,  it  appears 
that  in  some  areas  in  recent  years,  shipping  may  have  created  a  formidable 
hazard  to  deer. 

As  a  result  of  our  studies,  it  has  become  apparent  that  deer  cross  the 
St.  Mary's  River  only  at  a  few  specific  locations.  Channels  near  the  south 
end  of  Sugar  Island  are  crossed  during  migrations  in  early  winter,  whereas 
river  segments  near  Johnson  Point  on  Neebish  Island  are  used  all  winter  long. 
The  channel  there  separates  portions  of  an  important  winter  yarding  area, 
though  the  area  utilized  on  St.  Joseph  Island  is  probably  confined  to  the 
limited  coniferous  cover  near  the  shoreline.  CBta  collected  immediately  after 
passages  of  an  icebreaker  indicate  that  disturbances  to  ice  cover  greatly 
affect  deer  movements.  Until  ice  cover  refreezes,  deer  migrations  and  daily 
movements  across  channels  are  completely  halted.  In  addition,  deer  sometimes 
fall  into  the  open  ship  channel  and  some  individuals  may  not  be  able  to  extri¬ 
cate  themselves  and  return  to  shore. 

The  proposed  modifications  to  the  ship  channel  (the  installation  of  air 
bubblers  and  two-way  winter  ship  traffic)  will  likely  cause  an  even  greater 
impact  on  deer  movements.  Two  proposed  air  bubblers  near  Johnson  Point  inter¬ 
cept  major  crossing  routes  of  deer  (Figure  14).  It  seems  probable  that  deer 
movements  would  be  deflected  around  the  areas  of  open  water  and  thin  ice  caused 
by  the  Oubblers,  or  if  the  extent  of  ice  disturbance  is  great  enough,  certain 
travel  routes  might  be  abandoned  entirely.  Two-way  shipping  will  likely  result 
in  very  wide  areas  of  slippery,  uneven  ice  cover,  and  this,  too,  may  severely 
inhibit  travel  in  certain  areas. 

The  number  of  individuals  within  the  deer  population  which  cross  the  river 
in  winter  can  not  be  determined  at  present.  In  the  past,  traditional  routes 
have  been  maintained  to  some  extent  because  winter  shipping  has  not  likely 
been  severe  enough  to  completely  block  movements  or  eliminate  all  those  individ¬ 
uals  which  have  learned  to  cross.  We  believe  that  the  magnitude  of  crossings 
has  diminished  as  a  result  of  winter  shipping,  but  the  actual  magnitude  of 
change  can  not  be  determined. 

If  winter  movements  of  deer  are  inhibited,  delayed,  or  halted  by  winter 
shipping  we  can  now  only  hypothesize  as  to  the  physical  effect  on  each  deer 
involved.  Because  winter  yarding  areas  are  selected  for  the  benefits  they 
provide  during  the  harsh  winter  period,  deer  which  are  not  permitted  to  reach 
these  areas  must  winter  in  other,  less  favorable  areas  and  probably  suffer  more 
physiologically.  Deeper  snow,  colder  temperatures  and  possibly  poorer  food 
will  certainly  result  in  a  higher  mortality  rate  of  those  individuals. 
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Figure  14.  Locations  of  proposed  air  bubbler  lines  (solid  lines) 
and  major  deer  crossing  areas  in  winter  1979-80  (shaded)  near 
Mirre  Point  and  Johnson  Point  on  the  St.  Mary's  River.  Information 
on  bubbler  location  from  U.S.  Army  Corps  of  Engineers  (1979). 
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Even  the  delay  of  some  movements  and  repeated  attempts  to  cross  channels,  may 
result  in  energy  losses  and  stress  which  may  affect  the  survival  of  many  deer. 

Impact  on  Wolves 

The  wolf  is  designated  as  an  endangered  species  in  the  United  States.  Of 
major  concern  is  the  effect  winter  navigation  might  have  on  the  immigration  of 
wolves  to  Upper  Michigan  from  Ontario  (U.  S.  Army  Corps  of  Engineers  1979b). 
Because  of  their  large  home  range  size  and  tendencies  to  travel  widely  (Robin¬ 
son  and  Fuller  1979),  wolf  packs  and  lone  wolves  which  occupy  the  area  north 
of  Sault  Ste.  Marie,  Ontario  undoubtedly  travel  to  the  eastern  edge  of  White- 
fish  Bay.  Our  limited  surveys  of  the  area  confirmed  that  a  wolf  pack  likely 
traveled  to  islands  at  least  6.6  km  from  the  Ontario  mainland. 

Review  of  Wolf  Movements  -  In  determining  the  potential  impact  of  winter 
shipping,  information  on  wolf  travel  on  ice  needs  to  be  considered.  The  infor¬ 
mation  most  relevant  to  our  objectives  has  come  from  observations  of  wolves  on 
ice  near  Isle  Royale,  Michigan,  in  Lake  Superior.  On  the  nearby  Sibley  Penin¬ 
sula,  DeVos  (1950)  reported  that  wolves  traveled  extensively  along  the  lake 
shoreline  and  long  crossings  to  nearby  islands  and  the  adjacent  mainland  took 
place  in  a  straight  line  between  the  nearest  points  of  land.  He  also  cited 
reports  of  wolves  seen  on  the  ice  half  way  to  Isle  Royale,  24  km  distant.  It 
is  believed  that  the  pack  of  wolves  which  recolonized  Isle  Royale  in  the  late 
1940' s  crossed  over  a  solid  ice  bridge  from  the  Sibley  Peninsula  (Mech  1966, 
Allen  1979).  Wolves  on  Isle  Royale  have  been  continuously  studied  since  1959 
(Mech  1966,  Jordon  et  al.  1967,  Wolfe  and  Allen  1973,  Peterson  1977,  Allen 
1979)  and  though  no  packs  have  been  directly  observed  traveling  between  the 
island  and  the  mainland,  it  is  reported  likely  to  have  happened  at  least  3 
times.  Peterson  (1979)  reported  that  a  subordinate  female  wolf  was  chased 
twice  by  3  other  pack  members,  first  at  least  16.8  km  across  the  ice  toward 
Ontario  (and  likely  all  the  way  to  the  nearest  islands)  and  then  4  days  later 
5.6  km  out  on  the  ice. 

Wolves  on  Isle  Royale  routinely  cross  Siskiwit  Bay  in  winter,  which  is  up 
to  8  km  across  (Mech  1966,  R.Peterson  pers.  comm.).  Wolves  coimonly  travel 
shoreline  ice  (Peterson  1977)  and  in  winters  when  there  are  expanses  of  smooth 
ice  around  the  island,  wolves  will  range  up  to  8  km  from  shore  (R.Peterson 
pers.  corrm.).  Mech  (1966  53)  observed  a  pack  heading  out  across  the  ice, 
initially  across  chunks  near  shore  frozen  together  by  new  ice.  Animals  were 
cautious  about  crossing  from  one  type  of  ice  to  another  and  most  of  the  wolves 
were  reluctant  to  proceed.  After  encountering  ice  "composed  of  many  small 
sharp  pieces  frozen  together",  they  returned  to  the  island,  5.3  km  distant. 
Peterson  (1977,  pers.  comm.)  observed  that  wolves  used  smooth,  snow-covered  ice 
readily,  even  if  it  was  very  thin,  but  avoided  pressure  ridges,  especially  at 
the  southwest  end  of  the  island  where  water  currents  pushed  ice  up  0.4  km  from 
shore.  It  seems  likely  that  the  further  from  shore  wolves  travel,  the  more 
reluctant  they  become  to  travel  over  rough  ice  (L.D.  Mech  pers.  conin.).  Wolves 
apparently  travel  on  ice  regularly  although  a  disrupted  surface  may  cause  them 
to  hesitate  or  retreat. 

Potential  for  Wolf  Immigration  to  Michigan  -  It  is  apparent  that  Upper 
Michigan  is  within  range  of  wolves  dispersing  from  Ontario.  Mech  (1966:91) 
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summarized  the  conditions  necessary  for  immigration  of  wolves  to  Isle  Royale, 
and  thus  factors  likely  applying  to  crossings  of  Whitefish  Bay,  as  follows; 

(1)  a  high  wolf  population  or  food  shortage  in  the  emigration  area,  causing 
"pressure"  for  animals  to  seek  a  new  area,  (2)  a  solid  snow-covered  "ice 
bridge",  (3)  a  positive  reception  given  newcomers  by  residents  (both  wolf  and 
human  in  Michigan),  and  (4)  an  adequate  population  of  prey  to  sustain  immi¬ 
grants.  It  should  be  added  that  wolves  which  become  accustomed  to  traveling 
on  ice  (between  islands,  peninsulas  and  mainland)  would  be  least  hesitant  to 
cross  Whitefish  Bay  (L.D.  Mech  pers.  comm.).  In  addition,  it  is  probably 
important  that  such  exploring  wolves  be  able  to  see  the  land  at  Whitefish 
Point.  On  an  overcast  day  in  March  1980,  we  confirmed  that  the  Point  could 
be  seen  from  a  wolf's  vantage  point.  At  some  time  during  each  winter.  White- 
fish  Bay  freezes  over,  thus  a  travel  route  is  present  which  wolves  apparently 
have  the  ability  to  cross  (17-26  km).  Conflict  between  immigrating  wolves  and 
resident  wolves  would  likely  be  very  low;  more  important  is  the  potential 
human-caused  mortality.  Prey  densities  appear  adequate  to  support  a  popula¬ 
tion  (Hendrickson  et  al.  1975,  Weise  et  al.  1975).  Wolf  and  prey  densities 
on  the  Ontario  side  of  the  bay  are  currently  unknown,  however.  That  large 
numbers  of  wolves  have  not  immigrated  to  Michigan  from  Ontario  indicates 
that  the  necessary  combination  of  circumstances  does  not  occur  often.  Wolves 
might  also  irmigrate  to  Michigan  by  crossing  the  St.  Mary's  River,  but  to  do 
so  they  must  travel  through  somewhat  settled  areas. 

Impact  of  Winter  Shipping  on  Wolves  -  Winter  shipping,  and  the  resulting 
changes  in  ice  cover,  might  limit  wolf  dispersal  to  Upper  Michigan,  though  no 
quantitative  data  are  available.  Presumably,  abrupt  changes  in  ice  conforma¬ 
tion,  that  is  floating  or  frozen  chunks  or  ice  heaves  on  shipping  channel 
edges  long  distances  from  shore,  might  cause  wolves  crossing  the  ice  to  turn 
back.  Additional  information  concerning  both  winter  shipping  effects,  and  the 
density,  distribution,  and  activities  of  wolves  and  their  prey  on  Ontario  seem 
necessary. 

Impact  on  Lynx,  Bobcats,  and  Moose 

No  quantitative  information  on  movements  of  lynx  or  moose  was  collected 
during  our  studies;  bobcat  tracks  were  encountered  crossing  the  St.  Mary's 
River  only  once,  on  Middle  Neebish  Channel,  Lynx  are  very  rare  in  the  Upper 
Peninsula  of  Michigan  (Robinson  and  Fuller  1979)  and  reestablishment  of  a 
viable  population  there  will  likely  be  the  result  of  immigration  from  Ontario. 
Crossings  during  summer  are  probably  very  rate.  Ice  crossings  by  resident 
lynx  are  also  probably  low,  and  thus  most  crossings  of  the  river  in  winter 
would  be  by  dispersing  animals.  The  greatest  number  of  dispersing  lynx  will 
probably  occur  in  the  years  iinnediately  after  a  crash  in  snowshoe  hare  numbers 
which  occurs  about  every  10  years  (Adams  1963,  Keith  1963,  Mech  1973,  1980, 
Gunderson  1978).  Resident  trappers  in  Ontario  have  noted  that  hare  numbers 
have  been  high  in  recent  years,  and  thus  the  impending  crash  in  hare  numbers 
and  the  subsequent  dispersal  of  lynx  is  likely  to  occur  in  the  next  several 
years.  Certainly  open  water  in  shipping  channels  may  inhibit  channel  cross¬ 
ings  by  lynx,  though  smooth  ice  may  have  only  a  minor  effect. 

Use  of  the  St.  Mary's  River  by  bobcats  is  probably  low,  due  to  their 
preference  for  dense  vegetation  (McCord  1974).  However,  it  would  seem  that 
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some  bobcats  are  likely  to  disperse  into  Ontario  and,  as  with  lynx,  any  hin¬ 
drance  of  dispersal  due  to  winter  shipping  could  reduce  the  chances  of  main¬ 
taining  a  viable  population  in  Ontario. 

Moose  crossings  of  the  St.  Mary's  River  from  Ontario,  where  moose  are 
common,  to  Upper  Michigan,  where  few  are  present,  likely  take  place  a  few 
times  a  year.  Most  crossings  probably  occur  by  swimming  during  the  ice-free 
seasons,  but  a  number  undoubtedly  occur  in  winter,  also  (Rsbinson  and  Fuller 
1979),  Since  moose  are  susceptible  to  falling  through  thin  or  unsafe  ice  and 
drowning  (Peterson  1955,  Peterson  1977,  Allen  1979,  Mytton  and  Keith  1979), 
winter  shipping  may  pose  a  deterrent  to  successful  moose  immigration  to 
Michigan.  No  moose,  however,  were  observed  crossing  during  the  winter  of 
1979-80. 


Consideration  of  Baseline  Data 


One  of  the  stated  objectives  of  our  study  was  to  gather  baseline  data  on 
movements  of  mammals  across  the  ice  of  eastern  Lake  Superior  and  the  St.  Mary's 
River.  An  important  concern  in  this  regard  is  whether  or  not  conditions  dur¬ 
ing  the  winter  of  1979-80  could  be  considered  normal  or  "baseline"  with  respect 
to  animal  movements. 

A  notable  difference  in  weather  during  the  winter  of  1979-80  was  much 
lower  than  normal  mean  daily  snow  depth.  Mean  depths  in  January  and  February 
(23.9  cm)  were  58  per  cent  of  other  years  (40.9  cm).  Also,  ice  formation  on 
the  river,  with  the  accompanying  snowfall  to  permit  easier  crossings  by 
mammals,  apparently  occurred  later  than  usual  in  winter  1979-80.  These  factors 
likely  had  an  influence  on  both  the  timing  and  magnitude  of  movements  by  large 
land  mammals,  particularly  deer,  for  which  winter  weather  plays  an  important 
role  in  regulating  migrations. 

We  noted  earlier  that  during  part  or  all  of  the  winters  of  1971-72  through 
1978-79,  the  St.  Mary's  River  and  Whitefish  Bay  were  open  to  winter  navigation, 
and  that  shipping  this  past  winter  continued  until  15  January.  That  winter 
shipping  probably  affects  movements  of  deer,  and  possibly  those  of  some  other 
species,  seems  quite  evident  from  our  data.  Deer  mortality  associated  with  a 
newly  constructed  highway  through  a  Michigan  deer  yard  (Reilly  and  Green  1974) 
was  highest  in  the  first  winter  of  use,  declining  somewhat  thereafter,  but 
remaining  higher  than  pre-highway  mortality.  It  is  our  opinion  that  the  major 
disruption  of  deer  movements  and  the  highest  mortality  due  directly  to  winter 
shipping  occurred  during  the  early  years  of  winter  shipping  on  the  St.  Mary's 
River,  although  no  studies  were  conducted  during  those  years.  The  impact  of 
shipping  may  have  decreased  somewhat  over  succeeding  years,  but  as  with  high¬ 
way  mortality,  the  effect  probably  continued  each  winter.  Deer  populations 
may  have  declined  as  a  result.  Migrations  by  some  deer  were  likely  either 
delayed  or  thwarted  completely  by  winter  shipping.  In  both  instances, 
excessive  winter  stress  may  have  occurred  as  a  result  of  suboptimal  food  or 
shelter  available  to  the  deer.  Disruptions  in  daily  movements  across  the  river 
may  also  have  kept  deer  from  acquiring  food  or  shelter  in  some  optimal  habitats, 
and  concentrated  more  animals  on  a  restricted  winter  range.  Deer  mortality  due 
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to  drownings  has  undoubtedly  occurred  each  winter,  as  shipping  does  not  seem 
to  have  totally  extinguished  traditional  movement  patterns. 

In  light  of  these  speculations,  our  data  from  winter  1979-80  were  likely 
influenced  by  mild  weather,  and  more  importantly  by  shipping  activity  in  pre¬ 
ceding  winters.  They  therefore  do  not  necessarily  reflect  normal  or  "baseline" 
conditions.  Certainly  the  curtailment  of  shipping  in  the  winter  of  1979-30 
allowed  some  traditional  movement  patterns  to  become  better  reestablished. 

But  neither  the  magnitude  of  these  movements  in  pre-shipping  winters,  nor  the 
impact  of  initial  winter  shipping  in  the  first  several  years  can  be  estimated. 

If  representative  data  on  matmal  movements  on  the  ice  in  the  absence  of  shipping 
are  to  be  obtained,  it  will  be  necessary  to  discontinue  winter  shipping  entirely 
for  a  number  of  consecutive  years  and  monitor  mammal  movement  patterns  during 
that  time.  A  return  to  the  shipping  dates  of  1  April  to  15  December  as  were 
traditional  until  1970  would  permit  collection  of  mammal  movements  approximately 
as  existed  during  that  time. 


Further  Information  Needed 


General 


Our  studies  conducted  during  the  winter  of  1979-80  should  be  supplemented 
by  additional  information.  Since  this  was  the  first  winter  since  1970-71  in 
which  no  shipping  was  carried  out  between  15  January  and  late  March,  animals 
may  not  have  adjusted  their  behavior  to  the  comparatively  solid  ice  conditions. 

At  least  two  more  consecutive  winters  should  be  devoted  to  gathering  basic  data 
on  numbers  and  species  of  animals  crossing  and  on  locations  and  seasonal 
patterns  of  such  activity.  Also,  information  gathered  in  normal  and  severe 
winters  would  be  helpful. 

Deer  Movements  and  Activity  Near  Neebish  Island 

Winter  deer  cover  and  food  are  apparently  available  on  the  southern  third 
of  Neebish  Island,  with  some  also  available  on  St.  Joseph  Island.  Information 
on  the  number  of  deer  present  and  the  number  crossing  the  ice  should  be  obtained 
in  order  to  assess  potential  impact  of  winter  shipping.  The  abundance  of  tracks 
crossing  the  channel  may  have  resulted  from  a  few  deer  crossing  frequently  or 
many  deer  crossing  a  few  times  each.  In  order  to  learn  the  numbers  involved 
it  would  be  necessary  to  mark  a  portion  of  the  population  and  observe  them. 

Under  the  existing  conditions,  live  trapping  and  collaring  with  visible  plastic 
numbered  collars  would  probably  be  the  most  feasible  way  of  doing  this.  In 
addition,  by  fitting  about  a  dozen  deer  with  radio-transmitting  collars,  movements 
of  individual  animals  could  be  monitored  to  determine  frequency  of  crossing 
channels,  size  of  winter  range,  and  location  of  sunmer  home  range.  Nocturnal 
as  well  as  daytime  movements  could  be  monitored  by  radio  telemetry. 

Deer  Behavior  in  Water 


Some  observers  reported  to  us  that  a  deer  which  falls  through  the  ice  into 
deep  water  will  drown.  We  watched  three  deer  fall  into  water  amid  broken  ice 
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and  escape  within  a  few  minutes.  It  is  possible  that  the  size  of  ice  chunks 
could  determine  whether  a  deer  is  able  to  extricate  itself  from  the  water  or 
not.  Larger  chunks  that  can  support  the  weight  of  a  deer  may  favor  escape 
and  small  chunks  may  hamper  it.  Additional  observations  under  field  conditions 
could  most  easily  be  made  near  Johnson  Point,  where  we  were  able  to  observe  a 
large  number  of  deer  on  the  ice. 

Wolf  Densities  in  Ontario 


Although  the  presence  of  wolves  north  of  Sault  Ste.  Marie  is  verified  by 
trapper  success,  the  Ontario  Ministry  of  Natural  Resources  was  unable  to  pro¬ 
vide  us  with  an  estimate  of  their  density.  Knowledge  of  wolf  densities  is 
necessary  to  estimate  the  probability  of  wolves  dispersing  across  Whitefish 
Bay  to  Michigan.  The  distance  between  Batchawana  Point  in  Ontario  and  White- 
fish  Point  in  Michigan  (26  km)  is  similar  to  the  distance  from  the  Sibley 
Peninsula  to  Isle  fbyale,  a  distance  across  which  wolves  are  known  to  cross 
about  once  every  5-7  years.  If  the  density  of  wolves  in  the  Batchawana  Bay 
area  is  similar  to  that  of  the  Sibley  Peninsula  and  their  prey  availability 
is  similar,  we  might  expect  a  similar  rate  of  disoersal.  Without  such  infor¬ 
mation,  however,  it  is  extremely  difficult  to  guess  the  likelihood  of  wolves 
crossing  Whitefish  Bay.  Tracking  conditions  on  tne  Bay  are  unfavorable  most 
of  the  time  during  the  winter.  Radio- tagging  some  wolves  whose  home  ranges 
touch  the  shoreline  would  also  yield  information  on  how  frequently  the  wolves 
travel  out  onto  the  ice  and  how  far  they  go.  Two  or  three  winters  of  study 
would  be  required. 


^commendations  for  Reducing  or  Eliminating  the  Impact  of 
Winter  Shipping  on  Mammal  Movements 


The  most  effective  way  to  eliminate  the  impact  of  winter  shipping  on  mammal 
movements  across  the  ice  is  to  eliminate  winter  shipping.  If  the  decision  is 
made,  however,  to  proceed  with  winter  shipping  a  number  of  mitigating  measures 
are  tentatively  recommended  on  the  basis  of  our  studies  during  the  winter  of 
1979-80.  These  recommendations  are  as  follows: 

(1)  Conduct  shipping  only  during  the  period  from  10  February-10  March. 

The  bulk  of  mammal  movements  across  the  ice  occurred  in  late  January,  early 
February,  and  late  March.  In  early  winter  deer  were  apparently  migrating  to 
their  winter  yard  on  Neebish  Island  and  depended  upon  an  ice  bridge  to  cross 
from  Sugar  Island  and  the  Canadian  shore.  Shipping  only  during  February  and 
early  March  would  also  permit  rapid  refreezing  of  the  channel  because  of  cold 
air  and  water  temperatures  at  that  time  so  that  the  disruption  to  mammal  move¬ 
ments  following  passage  of  a  ship  would  be  less  than  36  hours. 

(2)  Concentrate  ship  movements  in  time.  Grouping  ship  passages  into  two 
days  per  week  would  permit  refreezing  of  the  channel  and  allow  mammal  passages. 
Such  an  approach,  however,  assumes  that  the  animals  can  adapt  to  crossing  at 
our  convenience  rather  than  at  theirs,  and  it  is  possible  that  they  might  not 
learn  the  appropriate  schedule. 
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(3)  Keep  water  open  at  key  crossing  points.  Clearly  open  water,  that  is 
water  without  floating  ice,  represents  an  unambiguous  barrier  to  animals 
attempting  to  cross.  According  to  our  observations,  deer  turn  back  before 
reaching  open  water  and  do  not  fall  through  and  drown  such  as  can  apparently 
occur  when  small  ice  chunks  are  present  on  the  surface  of  the  water.  Thus, 
keeping  water  open  by  use  of  bubblers  in  the  Middle  Neebish  and  Munuscong 
Channels  near  Mirre  and  Johnson  Points  might  prevent  direct  mortality  of 
deer.  The  drawback  of  such  an  approach,  however,  is  that  obviously  the  deer 
and  other  mammals  would  be  prevented  from  crossing  the  channel  to  reach  the 
resources  they  are  seeking,  resources  which  could  be  important  for  their 
general  welfare  and  survival.  A  further  incentive  which  might  cause  deer  to 
avoid  particularly  treacherous  crossing  points,  such  as  stretches  near  bubblers, 
would  be  to  establish  coniferous  tree  growth  on  shorelines  in  less  hazardous 
areas.  Such  conifer  stands  apparently  serve  to  funnel  deer  movements  as  the 
animals  seek  concealment  upon  entering  and  leaving  the  ice.  The  basic  problem 
of  crossing  the  ship  track  remains,  however. 

(4)  Provision  of  food  and  cover  resoources  where  movements  are  disrupted. 

If  animals  are  prevented  by  ships  from  crossing  the  ice  a  potential  solution 
would  be  to  provide  the  resources  they  seek  in  locations  which  would  eliminate 
the  necessity  for  them  to  cross  the  ice  to  obtain  such  resources.  The  two 
resources  needed  by  wintering  deer  are  food  and  cover.  These  can  be  provided 
in  suitable  areas  by  proper  forest  management  which  involves  clear  cutting 
mature  conifer  stands  in  small  units  on  a  rotating  basis  so  that  patches  of 
young  growth  providing  food  are  interspersed  among  mature  stands  which  provide 
winter  shelter  (Verme  1965).  Such  an  approach,  however,  assumes. the  avail¬ 
ability  of  suitable  stands  and  the  cooperation  of  land-owners.  In  addition 
many  animals  tend  to  explore  new  areas  and  young  animals  disperse  into  new 
terrain,  regardless  of  available  food  and  shelter  in  their  home  range,  and 
such  animals  would  likely  attempt  to  cross  the  ice.  A  successful  winter  yard 
management  project  on  one  side  of  the  river  and  an  unsuccessful  one  on  the 
other  could  serve  as  an  attraction  to  deer  and  actually  increase  their  traffic 
across  the  river. 

(5)  Ship  only  in  the  West  Neebish  Channel  during  winter.  All  crossings 
of  deer  in  the  Neebish  Island  area  took  place  in  channels  other  than  the  West 
Neebish  Channel.  Only  56  coyotes,  foxes,  and  unknown  canids  were  estimated  to 
have  crossed  the  West  Neebish  Channel  and  these  animals  are  able  to  cross  quite 
readily  after  ship  passage  Use  of  this  channel  instead  of  Middle  Neebish  and 
Munuscong  Channels  would  considerably  reduce  the  impact  of  shipping  on  mammal 
movements.  The  main  drawback  of  such  a  measure,  however,  is  that  the  human 
population  of  Neebish  Island  has  become  dependent  upon  an  ice  bridge  across 
the  channel  for  snowmobile  and  foot  travel  to  and  from  the  mainland  at  Barbeau. 
Maintenance  of  winter  ferry  service  such  as  at  Sugar  Island  is  a  possible  solu¬ 
tion  to  that  problem. 

(6)  Transport  animals  across  the  ice.  The  approach  of  trapping  and  carry¬ 
ing  animals  across  the  shipping  channel  is  probably  financially  and  practically 
unfeasible  in  the  case  of  most  manmals  in  the  study  area.  With  species  that 
are  relatively  rare,  however,  and  for  which  crossings  may  be  in  the  nature  of 
dispersal  rather  than  merely  local  movements,  such  an  approach  should  not  be 
totally  dismissed.  Three  species  in  particular,  moose,  lynx,  and  wolf,  are 
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relatively  cormon  on  the  Canadian  side  of  the  study  area  and  uncotmon  or  rare 
on  the  U.  S.  side.  If  shipping  disrupts  the  potential  for  dispersal  into  the 
U.  S.  of  a  few  animals  per  year  or  per  decade  some  simulation  of  normal  dis¬ 
persal  of  these  species  might  be  attempted  as  a  mitigating  procedure.  The 
drawback  of  such  an  approach  is,  however,  that  little  is  known  about  which 
individual  animals  are  most  likely  to  permanently  and  successfully  disperse 
from  their  natal  area.  All  members  of  a  population  are  not  equally  prepared 
to  depart  from  their  family  and  familiar  surroundings  and  to  settle  into  a 
new  home  range.  If  the  approach  of  simulating  dispersal  is  adopted,  care 
should  be  taken  to  displace  animals  which  would  be  likely  to  disperse  on  their 
own.  Present  knowledge  is  only  that  such  animals  are  generally  just  attaining 
sexual  maturity.  Little  is  known  about  the  influence  of  their  social  status 
or  of  food  resources  in  their  natal  range. 


Suggestions  for  Monitoring  Mammal  Crossings 


If  winter  navigation  is  approved  we  recommend  the  following  methods  of 
monitoring  the  movements  of  mammals  across  the  ice  : 

(1)  Flights  should  be  made  as  often  as  weather  permits.  The  unpredict¬ 
ability  of  weather  in  the  study  area  makes  it  difficult  to  schedule  flights' 
in  advance.  Monitoring  personnel  should  therefore  plan  to  spend  the  winter 
at  the  study  area  rather  than  attempting  to  spend  one  week  per  month  or  two 
days  per  week  doing  aerial  track  surveys. 

(2)  The  most  suitable  method  is  to  use  a  high-wing  slow-flying  aircraft 
at  an  altitude  of  45-75  m  above  the  ice,  with  two  observers  plus  pilot,  each 
observer  looking  out  of  different  sides  of  the  airplane.  Clear  skies  with 
wind  less  than  12  km/hr  are  the  most  desirable  conditions.  Details  are  pre¬ 
sented  in  paragraphs  16-17  of  this  report. 

(3)  Tracks  observed  from  the  air  should  be  verified  from  the  ground, 
particularly  during  the  early  stages  of  monitoring,  as  the  personnel  are  gain¬ 
ing  experience. 

(4)  Data  to  be  collected  on  both  aerial  and  ground  surveys  should  include: 
species;  date;  time;  location  of  starting  and  ending  points  of  track;  number 

of  animals  in  the  group;  whether  the  animals  were  seen;  estimated  age  of  track; 
direction  of  travel;  whether  the  track  crossed  the  channel;  whether  movement 
was  direct,  indirect,  or  meandering;  width  of  channel,  distance  animal 
traveled  on  ice;  depth  animal  sinks  into  snow  on  land  and  on  ice;  time  since 
last  snowfall  or  strong  wind;  ice  and  snow  conditions;  habitat  type  on  land 
at  starting  and  ending  points  of  track;  and  time  since  ship  passage. 

(5)  Transects  in  locations  inland  from  the  channel  should  be  established 
and  track  surveys  conducted.  These  would  serve  as  a  basis  for  comparison  to 
determine  whether  a  decline  or  increase  in  animal  activity  on  the  ice  is 
accompanied  by  a  corresponding  decline  of  activity  on  land. 
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(6)  A  possible  automatic  monitoring  system  for  areas  of  frequent  animal 
crossings  might  be  experimented  with  and  developed.  Such  a  system  might  con¬ 
sist  of  an  infra-red  camera  with  automatic  advance  (or  preferably  a  motion 
picture  camera  with  infra-red  film  set  at  time  lapse  speed  of  about  1  frame 
per  minute).  Animals  moving  across  the  ice  would  be  detected  and  recorded  on 
a  24-hour  a  day  basis. 

(7)  In  addition  deer  crossing  at  Johnson  Point  should  be  observed 
directly.  In  February  and  March  deer  can  be  seen  crossing  the  channel  between 
lOOOand  1500  hrs.  Information  on  their  response  to  ships  and  ship  channels 
and  on  their  fate  upon  falling  into  the  channel  should  be  recorded. 


PART  VI  :  CONCLUSIONS 


(1)  During  the  15  January-22  March  period,  554  sets  of  tracks  were 
observed  crossing  the  channels  of  the  St.  Mary's  River  under  suitable  track¬ 
ing  conditions.  Of  these  281  (51%)  were  of  deer,  84  (15;i)  were  of  coyote, 

34  (6%)  of  foxes,  25  (5%)  were  of  domestic  dogs,  39  (7%)  were  of  unidentified 
canids,  and  85  (15%)  were  unidentified  mammals.  Only  one  bobcat  track  and  no 
lynx,  wolf,  or  moose  tracks  were  located  on  the  St.  Mary's  River. 

(2)  Adjusting  for  days  in  which  weather  conditions  were  not  suitable  for 
recording  tracks  we  estimated  a  total  of  1743  animals  crossing  river  channels, 
of  which  1144  crossed  shipping  channels  and  599  crossed  channels  not  traversed 
by  ships  in  the  winter. 

(3)  Coyotes  and  foxes  were  most  active  in  January  and  early  F ebruary. 

Deer  were  most  active  in  January,  early  February  and  late  March. 

(4)  Ninety  per  cent  of  crossings  recorded  were  on  channels  adjacent  to 
Neebish  Island. 

(5)  On  two  channels,  Middle  Neebish  and  East  Neebish,  near  Stribling 
Point,  the  directional  pattern  and  timing  of  movements  indicated  migration  of 
deer  in  late  January  and  early  February  toward  Neebish  Island.  At  Mirre  Point 
and  Johnson  Point  deer  movements  across  the  channel  v/ere  frequent  throughout 
the  winter  and  in  both  directions,  indicating  use  of  resources  on  both  sides 
on  a  regular  basis. 

(6)  Coyotes,  foxes,  and  especially  deer,  crossed  narrow  channels  signi¬ 
ficantly  more  frequently  than  wide  channels. 

(7)  After  passages  of  a  small  Li.  S.  CoastGuard  icebreaker,  27  coyotes 
and  four  foxes  were  found  to  have  little  trouble  crossing  the  partially  frozen 
or  freshly  refrozen  ship  track,  while  37  deer  were  all  obstructed  from  cross¬ 
ing  within  24  hours  and  2  of  4  were  prevented  from  crossing  from  24  to  36  hours 
after  ship  passage. 

(8)  Coyotes  and  foxes  tended  to  cross  channels  indirectly  or  meander  on 
the  ice  while  deer  crossed  in  a  direct  route. 
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(9)  Frequent  high  winds,  snow,  and  variable  ice  conditions  on  Whitefish 
Bay  combined  to  make  quantitative  track  surveys  there  difficult. 

(10)  Near  the  islands  of  Whitefish  Bay  tracks  of  foxes,  deer,  and  wolf 
were  identified. 

(11)  The  partially  obliterated  tracks  of  a  pack  of  five  wolves  were 
observed  near  South  Sandy  Island,  6.6  km  from  the  Ontario  mainland  and  17  km 
from  the  ship  track  near  Whitefish  Point. 

(12)  A  preliminary  assessment  of  the  impact  of  winter  shipping  on  mammal 
movements  suggests  that  the  effects  are  adverse  on  deer,  impeding  seasonal 
migration  and  daily  movements  and  causing  direct  mortality;  are  completely 
known  but  probably  hindering  the  dispersal  of  wolves,  bobcat,  lynx,  and  moose 
and  are  slight  on  coyotes  and  foxes. 

(13)  Mitigating  measures  suggested  include  cessation  of  winter  shipping, 
grouping  ships  to  permit  refreezing  of  the  ship  track,  conducting  shipping 
only  between  10  February  and  10  March,  shipping  only  in  West  Neebish  Channel, 
and  simulating  dispersal  by  transporting  members  of  rare  species  across  the 
channel . 

(14)  Because  of  the  possibly  lingering  impact  of  winter  demonstration 
shipping  between  1971  and  1979,  shipping  should  be  discontinued  for  at  least 
three  consecutive  winters  to  permit  the  system  to  readjust  and  so  that  base¬ 
line  data  gathered  on  mammal  movements  on  the  ice-  may  be  more  representative 
of  non-shipping  conditions. 

(15)  Further  information  is  specifically  needed  on  deer  movements  and 
behavior  at  Neebish  Island  to  determine  the  number  of  deer  crossing  the 
channel  and  on  wolf  densities  and  behavior  along  the  Ontario  shoreline  of 
Whitefish  Bay. 
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APPENDIX  A  : 


FIELD  NOTES  CONCEffJING  OBSER\/ ATIONS  CF  HER  OR  THEIF  TRACKS 
AT  SHIP  CHAI^NELS,  WINTER  1979-80. 


5  February  (W. Robinson,  T. Fuller,  J.Huff)  -  At  1125  hr  we  were  checking 
out  tracks  crossing  between  St.  Joseph  Island  and  Neebish  Island.  The  ice¬ 
breaker  Katmai  Bay  had  passed  downstream  about  an  hour  earlier,  the  first 
vessel  to  pass  since  15  January.  The  boat  had  cracked  the  ice  beside  its 
path  about  30  m  and  had  left  in  its  immediate  path  an  area  about  15  m  wide 
containing  chunks  of  ice  about  0.2  to  1.0  m  in  diameter  with  open  water  in 
between.  We  were  standing  about  50  m  east  of  the  ship  channel,  120  m  from 
the  freshly  cut  channel  in  the  middle,  300  m  from  shore.  We  noticed  2  deer 
on  the  ice  about  100  to  200  m  south  of  Johnson  Point  on  the  Neebish  side, 
about  100  m  from  shore,  and  headed  toward  us  at  a  moderate  walk.  We  stopped 
to  watch.  The  2  deer,  a  doe  and  her  fawn,  continued  toward  us  at  a  fast  walk 
with  the  apparent  intention  of  crossing  the  ship  track  about  150  to  200  m 
upstream  from  us.  As  the  doe,  leading  the  fawn  by  about  20  m,  reached  the 
edge  of  broken  ice  from  the  old  ship  track  she  paused  and  looked  alert.  She 
took  a  few  steps  closer  to  the  ship  track  put  her  head  down  and  sniffed  the 
ice.  This  occurred  about  5  to  10  m  from  the  open  Katmai  Bay  track.  She 
quickly  turned  away  and  moved  at  a  trot  20  m  southwest  than  slowed  to  a  walk. 
She  made  one  more  move  toward  the  channel  but  apparently  recognized  it  as  an 
impasse  before  approaching  closer  than  20  m.  She  led  her  fawn  west-wouthwest 
back  to  the  Neebish  Island  side  where  they  began  grazing  on  brown  grass 
along  the  shore.  They  remained  there  another  15  minutes,  before  moving 
slowly  into  the  woods  and  out  of  sight. 

We  had  earlier  seen  fresh  tracks  of  a  large  deer  and  a  small  deer 
together  crossing  the  channel  (before  the  passage  of  the  Katmai  Bay,  judging 
from  the  fact  that  alignment  of  tracks  had  been  distorted  by  ice  pushed 
around)  from  St.  Joseph  to  Neebish  Islands.  It  is  possible  that  the  tracks 
were  of  these  2  deer  which  were  now  attempting  to  return,  but  their  attempt 
was  thwarted  by  the  fresh  cahnnel.  We  were  certain  that  the  deer  were  not 
aware  of  us  as  they  never  looked  directly  at  us  (we  were  toward  the  sun) 
and  down-wind  of  them. 

7  F ebruary  (T. Fuller,  J.Huff)  -  At  about  1200  hr.  Huff  observed  a  single 
deer  crossing  the  last  150  m  of  ice  from  just  north  of  the  tip  of  Johnson 
Point  on  Neebish  Island  to  St.  Joseph  Island.  At  about  1330  hr  we  located 
the  tracks  and  followed  them  backward  to  the  shore  at  Johnson  Point.  The 
Katmai  Bay  had  passed  through  the  channel  about  24  hr  earlier.  The  tracks 
revealed  that  the  deer  had  come  out  to  the  ship  track  directly  from  shore 
and  stopped  and  stood  about  3  m  from  the  ship  track.  The  ship  track  itself 
was  about  12-15  m  across,  with  ice  chunks  _<0.3  m  in  diameter,  refrozen 
together.  Huff  and  I  could  walk  across  the  track,  but  the  ice  was  smooth 
and  very  slippery.  No  open  water  was  present.  After  stopping,  the  deer  had 
traveled  35  m  north,  paralleling  the  ship  track,  then  attempted  to  cross. 

It  stopped  at  the  edge  of  the  track  where  the  ice  became  glare,  then  turned 
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back  and  traveled  another  40  m  up  the  channel,  5  m  from  the  ship  track, 

where  it  stopped  and  stood  again.  It  then  moved  another  15  m  up  the  ship 

track,  attempted  to  cross,  turned  back,  continued  another  50  m,  attempted  a 
third  crossing,  and  turned  back  again.  It  then  traveled  45  m  further  up  the 
channel  and  finally  crossed.  No  observable  differences  in  the  ice  conforma¬ 
tion  in  the  ship  track  were  noticed  at  the  crossing  point.  One-third  of  the 
way  to  shore,  about  100  m  from  the  ship  track,  where  we  first  observed  the 
deer,  the  deer  had  urinated  then  continued  on. 

8  February  (T. Fuller,  J.Huff)  -  At  about  1100  hr  we  checked  out  tracks 
on  the  ground  near  the  east  end  of  Middle  Neebish  Channel  which  had  been 
observed  from  the  air  on  7  Feb.  One  set  of  tracks  was  made  by  4  deer  about 

12  hours  after  the  passage  of  the  icebreaker  on  6  Feb.  The  deer  had  traveled 

from  Sugar  Island  directly  south  to  where  the  ship  had  fractured  the  ice  into 
large  (>5  m'^)  plates,  about  50-60  m  from  the  actual  ship  track.  The  deer  then 
turned  Hbwnriver,  walked  25  m,  then  1  deer  walked  1-2  m  toward  the  channel 
before  turning  back.  After  walking  another  10  m,  the  group  turned  back 
upriver,  paralleling  the  ship  track  again  for  50-60  m,  but  always  walking  on 
unfractured  ice.  Three  of  the  deer  turned  toward  the  ship  track,  but  then 
returned  to  their  original  path  and  continued  on  for  another  40  m,  where  all 
4  deer  walked  4-5  m  towards  the  channel.  They  turned  back  again  and  resumed 
their  path  for  25  m,  where  1  deer  again  moved  toward  the  channel,  then  rejoined 
the  group.  All  4  deer  traveled  another  20  m,  turned  toward  the  ship  track  and 
walked  10-15  m  across  the  fractured  ice  plates  before  turning  back  once  again. 
The  deer  then  traveled  directly  back  to  the  Sugar  Island  shoreline,  and  went 
into  the  woods. 

22  March  (J.Huff)  -  The  Katmai  Bay  passed  through  the  Munuscong  Channel, 
southbound,  at  approximately  0945  hr.  At  1022  hr  3  deer  (2  adults,  1  fawn) 
came  out  onto  the  ice  from  Neebish  Island  south  of  Johnson  Point.  They 
arrived  at  the  edge  of  the  ship  track  at  1029  hr.  They  turned  around  and 
went  directly  back  to  Neebish  Island  and  grazed  in  a  yard  until  1045  hr.  At 
1117  hr  2  deer  (1  adult,  1  fawn)  went  out  on  the  ice  south  of  Johnson  Point. 
These  are  probably  2  of  the  3  deer  seen  earlier.  They  arrived  at  the  ship 
track  at  1123  hr.  These  2  did  not  leave  the  solid  ice  either.  At  1128  they 
were  back  on  the  shore  grazing.  Three  minutes  later  another  attempt  to  cross 
was  made.  Both  deer  trotted  out  to  the  ship  track  and  stopped.  They  stood 
there  for  about  15  seconds  before  2  dogs  barking  at  my  truck  alarmed  them. 

Both  deer  went  back  to  Neebish.  Although  the  two  dogs  may  have  prevented  the 
crossing,  I  think  this  is  very  unlikely.  Between  1407  and  1411  hr,  8  deer 
came  onto  the  ice.  Four  of  these  (2  adults  and  2  fawns)  went  to  the  ship 
track  and  paralleled  it  for  approximately  75  m  downstream  before  attempting 
a  crossing.  The  other  4  deer  followed  the  first  group  of  deer  but  did  not 
leave  the  solid  ice.  The  first  4  deer  walked  in  single  file  with  very  short, 
stiff  strides  and  hunched  backs.  Their  heads  were  close  to  the  ice  while 
walking.  At  1423  hr,  when  the  deer  were  about  h.  of  the  way  across  the  ship 
track,  the  lead  deer  fell  through.  The  other  3  deer  bunched  up  and  2  more 
of  them  also  fell  through.  All  3  deer  were  out  of  the  water  within  5  seconds 
of  falling  in.  All  4  deer  went  back  to  solid  ice  and  met  up  with  the  other 
4  deer,  which  had  not  attempted  to  cross,  about  25  m  from  the  ship  track  at 
1425  hr.  All  8  deer  went  back  to  shore  and  were  gone  into  the  woods  by 
1440  hr. 
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APPENDIX  B 


Data 

Coded  data  for  all  tracks  observed  on  the  ice  of  the  St.  Mary's  River, 
January  through  March,  1980  are  presented  in  this  Appendix.  A  key  to  the 
code  precedes  the  data.  Two  maps  (Appendix  B,  Figures  1  and  2)  include  a 
grid  system  on  which  coordinates  of  the  track  locations  were  described,  and 
third  map  (Appendix  B,  Figure  3)  shows  the  alphabetically  coded  channel 
segments.  The  grid  system  is  used  as  X  and  Y  coordinates.  For  example,  the 
coordinates  of  an  animal  departing  the  northern  tip  of  Lime  Island  (Appendix 
B,  Figure  1)  would  be  described  (by  using  a  millimeter  rule  to  interpolate 
between  grid  lines)  as  1317,  1088.  If  the  animal  crossed  the  channel  moving 
easterly  from  the  northern  tip  of  Lime  Island,  the  letter  G  would  follow 
the  first  coordinate  in  column  E  of  the  data,  indicating  the  coded  channel 
letter,  taken  from  the  map  (Appendix  8,  Figure  3). 
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INCHES, (4)SNOU  COHERED  OVER  THREE  INCHES ,( S ) WET 
5N0U  CONDITION  ON  SHORE?  ( C)  Cfv'USTY ,( D IDENSE  ,( E  )  FLUFEY ,( M  )  FLUFFY  ON  CRUSTY 
CHANNEL  segment;  FROM  MAP,  APPENDIX  B,  FIGURE  3 
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Xi'-f''f'~<r0'a0'0'0'a'0'  ^^r\x  r\x  x  x  rr  xxxxxxXw-w-cy.  o. 


cccccccaccccaecc  — 

CCC'-f-O'  C  Ca  «  X  Xo-  *-CX  Xo.(3.o-  Xf\  tvcro-  »~«-XX  Xrr  xc  XO'O'0CCCXXXXXf\f\Cl^ 
XXXr'-r^XXXXXxxo‘eca:CTaf^xxxxX'JXXXx--xxxxxxxxxxxxxxo'XCCoa; 
,(V(VfN.rv.fV(Vf\f\.<\f\<N.rr(rTrrrXXr^XXXrrr<'(T'XXfrrrr,XXrrf\rrc\.(\fV(V  f\  f\  r\.f\  f\  f\.<\  ^»-C  C- 


I 

I 


rs.<^fvx'tcr*‘i'^xxc«.  X 'i'  •-'^  C  •-C  CCO'XX'^f^ccttXococXX  ^x  ocrv<— r^C  CCCCfvfvX  x 
X  X  X  X  X  X  X  XX  X  X  xc  cC.  Kc-  <r^r~r'r^<x  aa-o-a'O-  o-CC  ^tyr^t^r^xx  xx  xx  xxxcccck 

fv  fv.fs.^.cvfvf'.  (sf\.fs.  f\  CO  <-'.—  ^•-1  <-'»-i<'.  rN.P>.fN.<N-'r.<VfN.(\.  fN,»\.fs.<\.rv<\ifs.f^r<'r^r»‘ 


fc,  rr  pn  rr  rf'.  rr  rf  rr  fo  rr  rr  X  X  X’  X- r- f"  (>.  r- f..  >"  (w  h- f.w  h- r-.  h- h- r- r«- f'.  f..  r- r..  f"  t».  r- r'. 

C CCCCC C O CC C CC CCCOCCCCCCCCCC COCO COCO COCO CCCOC CO cco  • 

rr  rr  rr  rr  rr  rr  rr  rr  (T  rr  rr  rr  rr  rr  rr  rr  rr  rr  r"  rr  rr  rr  rr  rr  rr  rr  rr  rr  pr  rr  rr  rr  rr  rr  rr  rr  rr  rr  pr  rr  rr  rr  rr  rr  rr  rr  rr  rr  rr  '  ' 

OCCOCOCCCCCOCOC CCCCC CCCCCCOOCCOCOCCC CCCCC CCCOCCCCC 

^cr  xccac  cz  zcc  co  cc  c<<  <<<<<i<'«i<<<<<<t<<<r<<<<<<<<i<i<<<x<<< 

.  <c;cccc c cc(iccoiru.orc22^2C^_•^_•z^^zr^z^^rz:rrz2■^ccccc^^c^ 
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>  <s<Sceocaace£ceocaaeca:cxaococacxa:  a  a  a  or  a  CC  iXao.'aaaraaoraQr’aaaaaKrca^ 

I  X  cCcCcCcCcCcCcCcCcCCcCcC 

2  ^  ■4’ 4- -4 >f  >4' ^ '4' •4' ^ <  (^'fr rvf'»(v.*^ 

tplT  ipiT  oc^ir‘^sf'^  0‘'4  LT^  4 

5,  rg<VoOOCOOOOCOCOCCOCOC^«'-'^*-'OC^C'-C— ^COCOCCCCCCCCCCCC 

a  O’ a  O"  O' O'a  O’ O' O' O' O' O’ a  ff  O' O' O' O' O' <7  a  O'  oo  oo'oo'oo  o  O'oo  o  o  oO"  o' 

—  o  O' O  O' O  O' O  O' O  O' O  O' O' O' O  O' O  O' O' O' O' O  O  O  O  O' O’ O  O' O’ O' O  O  O  O' O  O' O  O'  O' 

I  -<^0‘-5o‘-30‘JO'-!0<— '  '400'>j4^4’  _J-J  O 

I/)  <  LT  4  (_'•— **->'-^4  4 

u“i/'i/'Lf'u'*^iru“i/'4'i/'  ,+  4  Cc'CcCi 

tx  OCicCcCcCc  Cc  C-.C  Cc.CcC 

,f4aecaoc.ocaotocao:a:ttffOa«aocxa«<roc.aaaacaccocaaaaa:a:ao,aaaa:rjC.cC. 

^  (\^^J4^4«J4  >J'4.4  4>}4-44<^4  ^4  4  »^4>j  4^^*— 

I 

IT 

c  ^ 

irir,f4ir^irt<“x'4'iriru'4iri^4'£4"£ii'irtririroOaairu'a'irirJ'iru'triririr.rirj-irecorr'-4 

2  F-^cCcc^cccccccc  ococ-cccicccccc^cc  cccccccc-ccccccr. ccc:ec 


2  fV  F-^.— »— F-"— O  O  (\  f\  ,—  »-^F-  F- F-»~F-"—F-»— fV  •— 

cc  Ci  c-C- 

r\  f\  fv.  <\  f\ 

XX  XXXX  XXX 


au. 

U1X,3  3  3  3  3  u.u.a.u.3  3  3  33  3  3  U-Ululll 

444444a:<X40C  ec  (XC  CCC  C  C'CC44444  c\  fv  t\f\  (\  fv.  rv*s  C  C  C  C  fv  f\  C\  (\  (\  fv  (V  c  C  c  c 
^f\r\<\<\r.<N.c4r^4  44cCFC.Cr  Ccc.  rv.f\(Sfvcv.-«~i-— f-  — ccc—*-— — 

fv  fV.  <S  <\  <\  (\  C».<\XXXXXXXX  X  fVf\— «—•—<- (\(\F-rr  ('rfrfv^fV<\f\«j44  4fv.rvF-(N 

X  OCcCcCcCcCfCCCCcCCCcC-CcCf&CcCCCcCcCCCfCCcCcC-CCoC  CCCC 

_:_’a  LLU.U-U.  u-u.li-  llu-u.  <<<  «  <■  -j—*--—  —j 

XU-  (nCVoO-O  O'O'  —  X  cCxX  u-xr^f^r'-t^r-— “O'O’  pro  xx  >♦  —“.“->1  44  4X'<4XC.C  ^O 

ccr^r'“xxxx<cr'r^r'r^xxxxxxxr^r'-t~t'~r^r^r^444x44xr^r'-r'“xxxxxxxxr^r^44 

I  .  - - -  ,  ,  ^fF. 

XXpr'r<'0C«0'0'0'4444Cc'0'CCCCfVfVfV«VfVOO'«X^4f^fVXPfr<-prxxxXf^r^f^l^CC('PX 

('rrf'r*'rr<\f^t\.r>.f\rf'r<'P''rrr<‘f\CVfrr<'r<'r<'f\{\fN.<\<\fv.fM^l^rPiTPr<'r‘r<’rrr<‘rrrrr''P’'prpPrrr*'ppr<'x'— 

fN <\ fN ^ f\ fv  fv. r\ f'. fM\ f\ (\ <\ f\ fv fv rv.  rv.,— F-F-f\ 

«-F-(rtnrffcr<tctaaffcccccc  c  c  —'C  ccc 

C  C  r.  fV  f-f“^i— “-O'  O0CX4CC4444XXXXXr<'fPX  i— t-.-F-.-X  xecffxa.xxaaceco.pppr'prc 
aacr^r^p-p'r^p*f^xxxxxxxxxxxxxxxxr'-f^r<'4xxxxxx'cxxxxxxxxxf^r^xx 
C  C  fvfVf\<\»\»vt\<v(\f\(\fV(\<MV<Vf\<\fv.r'.fVfv«>.xx  c\  rv  rv  f\  (\  rv  r  (vtvfVfvfvrvf'vfsrvxxrr  x 


F-F-4444444C  OC.C  4  P^rP'4  44  4XXXXXf^f-f\f<'(^f«'r»'r<-cCCCf\(vCCfV<\.fV<VP'f^0CC 
r*’f^rv(\r<'rrf*'rrpPrPri'pf'ri'fr'rrrTrrf'(»'r<'<'>'('<'f^pf'f»'f^^r^r''n‘rf'rf'ppprr»T»'prprri'rPppr^rrr'r<'t\<\r~-»— 
('p'(V'(V,fN.’{\,’<v<v<v<\.<\<v<Vfvf\fvfV<N.PV’<\,Pv  P^-fV'ivrvrvpv.  r\  f\  (\.  fvf\fv  ^rvP'.rx.  — <f\ 

^ 


f^f^O'fT'0'0'0'0'0'n'0'o«0'0'0'(TO'0'0'0''TO'frO'<7'f^<N'\fV'^<NP^<\P^^f^rv(\(N(V(\IN(V.(^(NXXXX 

cccococccccccccceccoccccc— —F—.-—--^——F—*— 

p<'r''f<’p''f*'rrfrr<T<'rPr<'r<'(T'rPrf'rPr''rp’f*'r^r'"('f’f*'('^rPr'‘'^r^p''rPr<T<'rT^r''r<'r'’r*'(’*'rrr''r<TPr<'ppn"rPr<’r<’ 

(_  coceccccccccccoccccoocccocccccccccccccecccccccccc 


(T  •«<CCCC<CCC:C<CCOC<-OCCCC(CCCCCC<<  <<  <<<<<<<I<J<<1<J<<I<<<<<<<I 
<:22CCCCCCCCCCCCCCCCCCcCcCcZ2Z<2’---C:CCCCCCCCCCCrrZZ 


\ 
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y-XZaccaacfcccfaaacrocaacco^aroccteiaaaeta'O^orccciuocuaaa.ccaua.craaaarcxact 

X  CcCcCcCcCC-CcCcCc-CCCci^^CCc^^CCcCc^n^^CCc- 

^(\i/-ir  ^  ^  «c,fir  ifiT  tj-ir  ^ir 

>CCCCCOCCCOOCCOCOCCCCCOCCCCCC  COOOOCCCCCCCCCCCCCOCC 

acracjo'O'O'O'O'S'C'CraO'O'O'O'O'o-iyaO'tjO'O'C'aO'O'O'P'a'O'o-O'^crcO'crO'O'cro'O'aO' 
—  ac^c'C^c^o•a■o■aao'aac^a■o■0'0'acJaao■o■ao■c■c^o■o■c^aO‘o■0‘j^o‘c^O'crc^'crO'ao'C7■o■ 

t— (v.  >i  LT  IT  ^  IT  O' O' O' c  O' O’ O' 

tr  f\  *-5  '-T  iT 

a  C.cCcC.cC.cC.c.CC'C.cC-cCcC-C'OC.cC/CC-C-CoCcCo^C  CoC, 

C  C-C  <-0  CcC.(r>Cc:®-caca;otac(ract.a<ia.c:aiiixasa-aaa:affccaaa«rixa.ea;caca 


a 

c 

^jr^Lftr  v£  <  <  <  ,iirirtrxx 

act-c^  C'Cccc'C  cC-cc  ct-ccccco-ccccoccoccrcc'ccc-ccccccccccr'c 


X  > 

V  c'^  C‘  <_■  '—V  '1-0'-  o'-  V."'-  l_''—  L,''-  <_‘^  t.;'-  L.'*— 

3UL1.U33333333  u.au.u.LLU.u.u.au.aii.333333au. 

2  Z  Z  2  2  ■?:  Z  22  2  2  Z  2  2  2 

rrxlxrccCccC'^«o:«^J>^•Jccccca:cca:crCr:cCCCcccCcCcCcccc^«c^;^^ 

f-.(\r^cC.o:aa.<x.a.s[a:f^<<<<\(^f^rrrr(r:fir^^^^rrrrrrr<'r^(<'rr-r<-rrrrrrrrrrr^rrr<'!rrrrrrrr^<\ 

X  C;CC  <-  oc  C  C-  0  0  0000000  C  — 


;_-C  —  CcO<<:<«<  — <  <«:<5<!<i<<:««!<:«:<<:<;«.«:«LLU.LL-i- 

<u'r'(^u'iririru'i^u''JJ'J-;>f>3'Jr^r'-r~^'r~r'r^r^r^oceca:Kececo;ttixa:a«r'-r-^-r~r-f'*>r>}sj'J 


rvfV(\f^fvfv 


f<-<N<Mvorr  ff'CC-ccc'C  cCCr-i^r~r-r-r~r'r~r'[^t^i^CCOCcCf<-rrf\{v 

fv<Vfv(Vf\(%f\.(\f\fNrvfv<\<Vfv<\r^f'>c\fSc\fvf\rN.f\(\r\.(Sc\«Nf'-(sf'-f'.fvfvrvfvf\f\r\.r\r^rvCVfvfv<\<v 

«:<CC  C  C  C  _'C  CCCCCCCCCCCCCCCCCffOltta 

c«-ac''^“'^“'«‘‘^“'Caao'C  ccccc  coccc  or^r^t^  i^f^r^r'-r-r-r-r^  ccccccr'f«-f\fv 

kriryfvfj'U'vru’u'u'vrir>3-j<u'u'u-aaaococoraccffr'r'r^i''i'-f^r^^'r-r^r^f^ecattataor'3'3trtr 

u'iff\.f\.(N«vf\<\c\<\rv(N(\(NrvCN.rs<vpv<Nfvf\.<\(\f\f\(\r\fvfvrN.f\f\(\rv^.rvrvP^f\fVf^fVfv.Pvtvrv«\^ 

cco'o'0cccccco'ao'0'o'0'0'f'~t^f^i^'^f~^-r-f^c'ccccccc'cccc^-r-r-r^r'f~0'crcc 

t— fvn-r>T»'rrf»T<T<‘rvfs.fvf\f\f\fvrvrvr\jM\r\r\t\rvr..rM\fvtvf\.rvrvC\fvf'.fv.fvrvf\fvr^(N(\fvrT^ 

C  II  I  r**  ^  B  rM 

iruMrir'U'vri.ruMririr0B0'(TOCT'0'0'0'fT'0'n'0'CTB0'(7'0'(j'0'P'fr0'CT'OfT'0'(T0'0B0'(T0'(rC'rr0'(7'0'r>' 

frf<ct“r^ft‘frrrff(>rf^frfrn“{<rrfrfrrrfr<^frrrf<rf<“fr‘frfrfrrrfrr^r<f<‘fr(Tn'frrrfrfrr^fr‘frf^rrrrr^rrr< 

O'CCC  ccccccccccccccocc  cccoccocccooocccccccccococccc 


a:<<«<<<<<i<<  «cOtrooooocccooccccoc<BSOcococc  cococo  cc  CO  c 

<,22CCCCCCCCCCCCCCC:CCCCCCCCCCCCCCCCCCCCCCCCCCCCOCCC 


% 
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>_  cxOLecdoecittCiececac'ccccao^ccccctctBtxaixaaia.ciefaaaca'aaaacaeciScreeetcx.acia.a 
X  “CcC.cCcC.cCc  CcCcCcCcCcCcCcCcCcCcCcCcCcCcCCcCcCcCc 

iP*^  ^/*ip  '^iP  J^^l/**P  t/*'P  iP^P  ip^  Ip^  |/*'^P  ^^LplP  ^^fcP  i^iPj^iP  i/' 

2»  <M^rg^CCCOCCCCCCCOCCCCCCCOCCCCCOCCCOCCCOCCCCCCCCCC 

aO'0'0'0'0'0‘0'0'!TO’0‘0‘0'aO'0‘0‘aO'0‘0'C‘<?aO'0‘0‘0‘0‘0‘0‘ir‘^.r‘^ir'^ir‘rf^r<''^or<\r<-rr^ 

^  <70‘(70‘0-0‘a0‘0'0'cr0‘crc7-a0'0‘0‘a0'00'0‘0'cra0'a0'0'0‘0‘ccccc'2cccoccooco 

( —  tjO(_)<^  iT  t*"  iT  t*"  IT '^U' 'J 

a;  cCcccCc'-;cccCcCc:CcCcCcCcCcCcC,cCcCcCcCcCcCc.oC.cCc;Cc 


CL  <s.  cc  s.  ai  cc  oc*ctoca.cccccCffOCcrecccffa:ffcr®attccCcca  cioc 

X  X 


X  X 

o  c  o 

xxu'x>txx'j>f'jxxxxu'xu'xxxtrxxxxxxxi/'xirxxxxx.£x.£xx>fxx-txxx 

^  CCcCcCcCcCcCcCcCcCcCoCcCcCCCoC  cCcCcCr  CcCCcCcCcC-c 


OCcCcCcCCcCcCcf'^O 

^rN(V(N(K<N(Nt\f\!Nr>vf\(\f\C(N, 


c  o 

— I  f\  fs. 


X  o'-' o'-' «X'-' o'- ^  a  <  2  2  2  Z  2 

2  33333.33u.u.aa.u.u.u.a33333i3au-u.ii.u.u.a.u.ai-i.u.u.aaLLaau.u.u.u-u.3u. 

v.ZvoZ  txv'x.z  2  Z^<xi/;x,ixi/!i/i<xZ  2  Z22Z222Z2222ixx,ixx.x.xxuoxxxx.xxx.x. 


X'J<«f^^>J<V<\fV>fX>J'fXCCaa:«X«X<XCCCCcCcCCCcCCC  cc  cccccccc 

1—  rr  e\  e\<\r\  -4  ^  yj  ^  rr  <*'  rr  (T  fCrr  rrrr.C'C.  C.:C.  cc  cc.  C  cc.c,c  cc:  c. 

_  t\e\e\f^cr  cr  rr  rr  rr  rr  .i  .f  ^  >^^^•^^^•4•r'.>^<s^^>^a:x«xccccaaca:0c«ccxctxtt(^(^('■<vr<■(s>-r*' 
^  C Co cccccccc Co OCCCCCCCOCCCCCCCCOCOCCCCCCCCOCCCCCO 

^►-□,M-<.^<;«<<<<.<<<<<«<C<CcC<«<<<<:<«'<<<<<<<<«<«<«'«s<^< 
cxcxx<EX'i>jXfrf«"(<'ffr(»'rrrr.«ff*‘..}r'‘rrrf'>f'.j.,#«^.j'^.^>Jxx  xxxx  ^xr-r^r-h-r^r-t^r- 
>jr^'j'r-xxxxxxxxxxxxxxxxxxxxr<'r<‘rffrrf.  (»■(<- r*"irxxxxxxxxxxxxxxx 


.«'wxr\xo'cro‘xxxx>J'f'J'-f'fX'JC>jox>j'#  qncj.  o-cro'cro'crccccccxo 


X  —  Xi-C  CCCCCCCC  CCCCCC<IC<<<CCCCCCCCCCCCCCC 
r^r'r~X'CXXXXXXrr<.-rXXXXcr0'<30‘CTCr0“'C'C'fXXXX 
sp^'P^fwf-..f«.iriPiriPU‘»Piru“pvPU"vPvrpvrirpf\c\c\cvf\f\f\fN'p»p^p'i'‘pvru* 


c cccccccc 

X  xxct'CT'O'xct  cj‘CT‘'t'C'*.  't't  ■**  X 

- - - - - - - _XXc\CV«\*V»\^f\(\XXXXXXXXXXXXXXXX 

- -  “  -  “■  ~  “■  ■■  *■  “■  ■*  ~  -  “■  “ 


IjJ 


X-X>#XX->»XCOCOCCcecCC'JC'<’CCCXx«CXCCx  XxO’O'O'CTO'O'^CT'  ccccccxo 

»»“r'(^r<T«'r“r»"r-rr««-r«'r<T''f»‘(*‘f«'<''»'"f»‘rT''»''n'rrxx<xxxxx»srv«>.fvf\r>.fN.fN.r''rfn‘r<'rrf»‘f<'r»' 

O 


pw4r<4  ^  ^  ^  ^  Po  ^  ^  ^  ^  ^  ^  ^ 

(<'(rr<‘(^rf'Cf'rf‘(rr^r^r^r^r*^(^rrfr(r‘crfr(rfrfr(r‘ff'(rfr{f-frfr(<fr(rfrtr'fr(rrrt^fr(r(rrr(^frcr(Crr(<‘ 

O  CCCCCCOCCCCCCCCCCCCOOOCCCOCOCC cccccccc CO  cccccccc 


0  otscocococooccoccocoooocccooooooococccoco  ' 

C  ZZZZCCCCCCCCCCCCCCCCCCCCCCCCCC cccccccc cc  CCCCCCcC 
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Northern  portion  of  St.  Mary’s  River  and  vicinity  with  coordinate 
ication  of  manmal  arrival  and  departure  locations. 


